
ABSTRACT BOOK WELCOME

Dear Students, Members, Colleagues and Friends

It is my pleasure to welcome you to our IV Symposium of the Portuguese Glial Network
at the Faculty of Pharmacy of the University of Lisbon (FFULisboa). This Glial meeting
will focus on indirect and direct conversion of somatic cells into neural cells to model
diseases of the central nervous system, and on new evidences about the specific roles
of different glial cell types, their regional diversity, and contribution to disease onset,
progression and neurodegeneration. I encourage you to talk with our speakers, and
network with your fellow attendees.
The first symposium of the Portuguese Glial Network took place in 2016 at Minho,
after two preparatory meetings, one in Lisbon and another in Coimbra, at the end of
2014. These, followed the first Portuguese-Brazilian glial symposium held in Brazil in
2014, promoted by Vivaldo Moura-Neto, where Francisco Ambrósio, João Relvas and I
were invited as speakers.
I must say that the starting of the Portuguese Glial Network was a difficult task only
solved by the enthusiasm and dynamism of João Oliveira. First objectives were to bring
to the same forum researchers working in Portugal sharing interests in the function of
glial cells at the central nervous system, both in health and disease, as well as in
strengthen collaboration, formation and dissemination of innovative concepts and
technologies among their members.
This time, in addition to these objectives, we wanted to pay tribute to the first
researchers who made the history of glia and to the recently deceased Ban Barres,
who has always fought against discrimination, whatever it was. As he mentioned in his
Nature paper published in 2006,

“…Several events opened my eyes to the barriers that women and minorities still face in
Academia… Self-confidence is crucial in advancing and enjoying a research career… and
leadership skills are necessary to survive…”

…and (I would say) moving up in Science!

I wish you a very successful Symposium, and I invite you to join the Portuguese Glial
Network.

Dora Brites
Head of Neuron Glia Biology in Health and Disease
Research Institute for Medicines (iMed.ULisboa)
Faculty of Pharmacy, University of Lisbon



How to get here

Carris: 701, 731, 735, 738, 755, 764, 768
TST: Almada/Cidade Universitária
Metro: Cidade Universitária station 
(yellow line)
Fertagus & CP: Entrecampos station
GPS: 38.44 58 61, -9. 9 26 51

Address
Avenida Professor Gama Pinto
1649-003 Lisboa, Portugal
Phone Number
+351 217 946 400
Email
geral@ff.ulisboa.pt
Webpage
www.ff.ulisboa.pt

VENUE
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Member Geographic Distribution

Network: guest-ULisboa
Username: convidado@ff.ul.pt
Password: FFUL01?2019

Web: http://redeglial.weebly.com/ 
Facebook: https://www.facebook.com/Rede-Glial-Portuguesa-
180135812442805/
Instagram:  @ptglialisbon 



09:00-10:00   REGISTRATION (Main entrance)

10:00   WELCOME (Auditorium)

Dora Brites (iMed.ULisboa, University of Lisbon, POR)

10:15   PLENARY LECTURE | ROCHE
"Can induced pluripotent stem cells help us decipher the role of glial cells in 
Parkinson’s disease?"
Laurent Roybon (Lund University, SWE) 

11:00   COFFEE BREAK

11:30-13:00   SESSION I – ASTROCYTES: BIOLOGY AND PATHOLOGY
Chair: João Oliveira (ICVS, School of Medicine, University of Minho, POR)

11:30   “Skin derived astrocytes as a tool to study disease severity and drug  
responsiveness”
Kathrin Meyer (The Ohio State University, USA)

12:00   “The role of NLRP3-expressing astrocytes in the brain”
Claudia Valente (IMM, University of Lisbon, POR)

12:20   “Astrocyte phenotypic aberrancy differs from the spinal cord to the cortical 
brain in ALS disease”
Ana Rita Vaz (iMed.ULisboa, University of Lisbon, POR)

12:40   “The role of astrocytic calcium signaling in the cognitive function” 
Sónia Guerra-Gomes (ICVS School of Medicine, University of Minho, POR)

12:50  “Microglial and astrocytic pathology in a mouse model of Machado-Joseph   
disease”
Ana Bela Campos (ICVS School of Medicine, University of Minho, POR)

13:00-14:00   LUNCH

14:00-15:30  SESSION II – MICROGLIA ACTIVATION AND IMMUNOREGULATION

Chair: Francisco Ambrósio (CIBB, University of Coimbra, POR)

14:00     “Modeling microglial dysfunctions in AD”
Tarja Malm (University of Eastern Finland, FIN) 

14:30     “Controlling microglia-mediated neuroinflammation in retinal diseases: role of
adenosine A2A receptors”
Raquel Santiago (CIBB, University of Coimbra, POR)

14:50   "Microglia: much more than M1 and M2 phenotypes"
Adelaide Fernandes (iMed.ULisboa, University of Lisbon, POR)

15:10   “TNF and glutamate dependent microglia reactivity under a psychoactive drug”
Teresa Summavielle (i3S/IBMC, University of Porto, POR)

15:20   “IL-4 skews the microglial developmental program during cerebellar
maturation”
Joana Guedes (CIBB, University of Coimbra, POR)

15:30-17:00 SESSION III - NETWORK WITH SCIENTISTS AND INTERACTIVE POSTER  
SESSION  (With coffee and drinks, Library of the Faculty of Pharmacy)

17:00-18:00  SESSION IV – OLIGODENDROCYTES: MYELIN DYSFUNCTION AND 
RENEWAL
Chair:  João Relvas (i3S/IBMC, University of Porto, POR)

17:00  “Actin dynamics and mechanisms of regulation in oligodendrocyte biology”
Ana Seixas (i3S/IBMC, University of Porto, POR)

17:20 “The paradigm shift on remyelination failure problem – do mechanical 
properties play a crucial role?”
Eva Carvalho (i3S/IBMC, University of Porto, POR)

17:30 “How to wrap the myelin: New approaches to understand myelin diseases”
Tanja Kuhlmann (Neuropathology, University of Munster,  GER)

18:00 CLOSING

PROGRAMPROGRAM
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Can induced pluripotent stem cells help us decipher
the role of glial cells in Parkinson’s disease?

Neurons have been intensively studied in neurodegenerative
diseases including Parkinson’s disease. However recent
evidence suggests that glia may be more than passive actors
during neurodegeneration. This talk will cover the potential
use of patient-specific pluripotent stem cells (iPSCs) as a
means of modelling and understanding the underlying
pathogenic cellular processes that are at play in Parkinson’s
disease (PD). More precisely, I will present data that clearly
indicate that glial cells - astrocytes and oligodendrocytes,
participate to neuroinflammatory processes, and that they are
dysfunctional, making them novel targets for therapeutic
intervention in PD.

Laurent Roybon
Lund University, Sweden

PLENARY LECTURE

We have previously shown that induced astrocytes and oligodendrocytes from ALS patients are
toxic to motor neurons. The degree of astrocyte toxicity is variable with some lines
demonstrating a more toxic phenotype than others. Moreover, when astrocytes are treated with
drug compounds, we observe responding and nonresponding cell lines. Thus, our model system
might be useful for subgrouping patients for future clinical trials. To increase our understanding
of the differences between patient derived astrocytes in relation to drug responsiveness and
disease progression of the patients, we evaluated expression levels of various described cellular
ALS markers. Mitochondrial imaging indicates that astrocytes with a more aggressive phenotype
displayed extreme disruption of the mitochondrial network, whereas mildly aggressive astrocytes
had mixed mitochondrial populations containing either normal or fragmented networks.
Moreover, elevation in ER stress marker (BIP) seemed to correlate with astrocyte toxicity as well
while aggregation of TDP43, p62 and misfolded SOD1 did not show a correlation to degree of
astrocyte toxicity. In summary, our model system can be used to determine drug responsiveness
and allows subgrouping of patient cells according to toxicity and ALS disease markers. Ultimately,
such testing could strongly improve the design of clinical trials in the future, as patients could be
selected based on reactivity to compounds.

Kathrin Meyer
The Ohio State University, USA

Skin derived astrocytes as a tool to study disease
severity and drug responsiveness

Amyotrophic Lateral Sclerosis (ALS) is a severe adult onset
neurodegenerative disorder leading to progressive paralysis
and death within 2-5 years. Motor neuron death is the most
prominent feature of the disease. However, mouse models
indicate that oligodendrocytes and astrocytes play a crucial
role in disease progression. Studying the role of different cell
types in disease progression is challenging as samples can
only be collected when the patient dies, which is usually the
endstage. The new and fast reprogramming method we
developed allows generating both cell types from skin
biopsies of patients at an earlier disease stage.

SESSION I – ASTROCYTES: BIOLOGY AND PATHOLOGY
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The role of NLRP3-expressing astrocytes in the brain

Claudia Valente (1)

(1) Instituto de Farmacologia e Neurociências, Faculdade de Medicina, Universidade de Lisboa, Portugal and
Instituto de Medicina Molecular | João Lobo Antunes, Faculdade de Medicina, Universidade de Lisboa,
Portugal.

Immune responses depend on the recognition of pathogen-associated molecular patterns
(PAMPs) from invading pathogens, and danger-associated molecular patterns (DAMPs) induced
by endogenous stress. Researchers have recently focused their attention on a group of cytosolic
multiprotein complexes named inflammasomes, known to be activated by diverse stimuli. The
nucleotide-binding oligomerization domain-, leucine-rich repeat- and pyrin domain-containing 3
inflammasome (NLRP3) has gained considerable attention. NLRP3 is abundantly expressed in the
Central Nervous System (CNS) and detects noxious agents and small irregularities in the cellular
microenvironment. Nowadays, is considered a key component of the inflammatory responses
within the CNS. Indeed, NLRP3 was linked to several neurodegenerative diseases, such as
Alzheimer’s disease, Multiple Sclerosis and Amyotrophic Lateral Sclerosis (Song et al. 2018. Front.
Cell. Neurosci.). NLRP3 constitutes a platform for caspase-1 activation, which leads to the
processing and release of Interleukin-1 (IL-1) and Interleukin-18 (IL-18). The canonical
mechanism of NLRP3 activation involves: 1) a priming signal, which induces an increased
production of the pro-cytokines and NLRP3 protein through NF-κB signaling, and 2) an activation
signal, such as ATP, which mediates the oligomerization of the inflammasome subunits (Guo H et
al. 2015. Nat. Med.). Microglia and astrocytes are the immune effectors of CNS, but although
NLRP3 assembly in microglia is established, its presence in astrocytes remains to be confirmed.
Herein, the expression and activation of NLRP3 in astrocytes and its modulation by microglia will
be addressed. Primary cultures of astrocytes, microglia and co-cultures were stimulated, at 17
days in vitro, with LPS (100ng/ml) for 24h, as the priming stimulus for NLRP3, with or without the
oligomerization signal: ATP (1mM). NLRP3 expression in astrocytes was analyzed by
immunocytochemistry and the levels of IL-1 were assessed by ELISA. Astrocytes, cultured alone
and without any stimulus, express NLRP3 protein. Under LPS/ATP stimulus: 1) astrocytes exhibit a
reactive phenotype, confirmed by pSTAT3(Y705) staining, 2) astrocytes in co-cultures depict an
increased NLRP3 protein expression, when compared with astrocytes cultured alone, and 3) IL-1
released in co-cultures surpasses the one in pure microglia cultures, pointing to the assembly of
NLRP3 inflammasome in astrocytes. NLRP3 protein expression in A1 astrocytes, induced by
microglia-derived factors IL-1α (3ng/mL), TNFα (30 ng/mL) and C1q (400 ng/mL) for 24h
(Liddelow et al. 2017. Nature), was significantly increased when compared to unstimulated
astrocytes, and identical to astrocytes under LPS/ATP stimulus. In sum, astrocytes express NLRP3
inflammasome, thus contributing to IL-1 production, and astrocyte-microglia communication is
crucial for NLRP3 activation in astrocytes. Given the deleterious role of IL-1, through the
initiation of multiple signaling pathways, which result in neuronal injury or death, NLRP3
inhibition can be a potential therapeutic target for neurodegenerative diseases.

SESSION I – ASTROCYTES: BIOLOGY AND PATHOLOGY SESSION I – ASTROCYTES: BIOLOGY AND PATHOLOGY

Astrocyte phenotypic aberrancy differs from the spinal cord to the cortical brain in
ALS disease

Ana Rita Vaz (1,2), Cátia Gomes (1), Marta Barbosa (1), Carolina Cunha (1), Dora Brites (1,2)

(1) iMed.Ulisboa; (2) Department of Biochemistry and Human Biology, Faculty of Pharmacy, Universidade de
Lisboa, Lisbon, Portugal

Amyotrophic lateral sclerosis (ALS) is a degenerative disease characterized by the progressive
degeneration of motor neurons (MNs) in the spinal cord, brainstem, and motor cortex. It is
accepted that ALS is a non-cell autonomous process, with astrocytes playing a key role for MN
loss, due to their aberrant phenotype and release of toxic factors. Recent evidences suggest that
astrocytes comprise heterogeneous populations with distinct properties depending on
anatomical region but the mechanism-based neurotoxicity is still unknown.
Using SOD1G93A (mSOD1) mice, we found a downregulation of glia interplay and miRNA(miR)-
155 in the pre-symptomatic stage, but increased markers of inflammation in later stages of
disease progression [1]. More recently, using cortical brain of mSOD1 mice, we identified a
reduction of cell proliferation and inflammatory-associated markers in the pre-symptomatic
stage, as well as of miR-146a expression, suggesting a restrained cortical inflammatory status at
early stages of disease progression [2]. However, such markers were upregulated in the
symptomatic stage, together with downregulation of miR-146a and of markers associated with
astrocytic function (e.g. GFAP and glutamate transporters). Here, we aimed to ascertain whether
regional differences and cell maturation diversely influence astrocyte malfunction in ALS. For
that, spinal and cortical astrocytes from 8-day-old mSOD1 mice were cultured for 5 and 13 days
in vitro (DIV). SOD1 accumulation and decreased unfolded protein response was observed
independently of tissue origin or time in culture. mSOD1 cortical astrocytes had an early and
sustained aberrant phenotype (increased S100B / Ki-67 and decreased GFAP), as well as
deregulated signaling pathways (elevated HMGB1, TLR4 and IL-1β mRNA), in contrast with their
age-matched spinal astrocytes. Regarding neurotoxicity, 5 DIV cortical astrocytes decreased the
neurite outgrowth of mSOD1 NSC-34 MNs, a finding only replicated by the 13DIV spinal
astrocytes. Among the inflammatory-associated miRNAs studied, miR-155, -21 and -146a were
upregulated in spinal astrocytes and downregulated in cortical ones. However, these miRNAs
were depleted in small extracellular vesicles from both spinal and cortical mSOD1 astrocytes. In
summary, ALS pathology appears earlier in cortical than in spinal astrocytes and involves a
common diminished inflammatory miRNA fingerprint in astrocyte derived extracellular vesicles
that may compromise cell-to-cell communication. The study also identifies new therapeutic
candidates to alter pathological processes in ALS.

[1] Cunha et al, Mol Neurobiol 2018; [2] Gomes et al, Mol Neurobiol 2019.

Funded by SCML (ALS Research Grant ELA-2015-002) and FCT (PTDC/MED-NEU/31395/2017 & LISBOA-01-
0145-FEDER-031395 to DB, UID/DTP/04138/2013 (iMed.ULisboa) and fellowships ARV-
SFRH/BPD/76590/2011; CG-SFRH/BD/102718/2014).
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The role of astrocytic calcium signaling in the cognitive function

Sónia Guerra-Gomes (1,2), Vanessa Morais Sardinha (1,2), Gabriela Tavares (1,2), Inês Caetano
(1,2), Diana Sofia Marques Nascimento (1,2), João Filipe Viana (1,2), Eduardo Loureiro-Campos (1,2), Nuno
Sousa (1,2), Luísa Pinto (1,2), João Filipe Oliveira (1,2)

(1) Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga,
Portugal; (2) ICVS/3B’s – PT Government Associate Laboratory, Braga, Portugal

Astrocytes are key players in the regulation of brain development and function. They sense and
respond to neuronal activity by elevating its intracellular calcium (Ca2+) levels, which derive from
different sources and display complex spatio-temporal properties. Ca2+ elevations appear
spatially distributed in global (soma and main processes) and/or focal regions (microdomains).
The IP3 receptor type 2 knockout (IP3R2 KO) mouse model lacks global Ca2+ elevations in
astrocytes. However, this model is a constitutive knockout posing the natural concern that the
absence of IP3R2 during development may trigger compensating phenotypes, which could bias
experimental results using developing or adult mice. We performed a neurodevelopmental
evaluation of IP3R2 KO mice through a detailed examination of somatic parameters and
neurological reflexes. Our results show that male and female IP3R2 KO mice display a normal
development, as compared with wild-type (WT) mice. Therefore, the IP3R2 KO mouse model is
reliable to study the functional impact of global IP3R2-dependent astrocytic Ca2+ elevations in
adulthood. We assessed hippocampal-dependent function by performing Morris Water Maze
and Contextual Fear Conditioning. We found that IP3R2 KO mice display an altered performance
in these cognitive tasks. Thus, we studied the 3D-morphology of neurons and we identified
relevant molecular signaling pathways (Microarray analysis, Affimetrix GeneChip) to support our
behavioral data. This characterization will provide us with novel roles for astrocytic calcium
signaling in the modulation of neural activity, namely in cognitive processes.

SESSION I – ASTROCYTES: BIOLOGY AND PATHOLOGY SESSION I – ASTROCYTES: BIOLOGY AND PATHOLOGY

Microglial and astrocytic pathology in a mouse model of Machado-Joseph disease

Ana Bela Campos (1,2), Sara Duarte-Silva (1,2), Andreia Neves-Carvalho (1,2), Gonçalo Nogueira-Gonçalves
(1,2), Anabela Silva-Fernandes (1,2), Andreia Teixeira-Castro (1,2), Dora Brites (3,4), António Francisco
Ambrósio (5,6) and Patrícia Maciel (1,2)

(1) Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, Portugal;
(2) ICVS/3B’s - PT Government Associate Laboratory, Braga/Guimarães, Portugal; (3) Research Institute for
Medicine – iMed.ULisboa, Faculdade de Farmácia, Universidade de Lisboa, Lisboa, Portugal; (4) Department of
Biochemistry and Human Biology, Faculdade de Farmácia, Universidade de Lisboa, Lisboa, Portugal; (5)
Coimbra Institute for Clinical and Biomedical Research (iCBR), Faculty of Medicine, University of Coimbra, 3004-
548, Coimbra, Portugal; (6) CNC.iCBR, University of Coimbra, 3004-517 Coimbra, Portugal

Machado-Joseph disease (MJD) is a genetically determined neurodegenerative disease of adult
onset, caused by expansion of a polyglutamine tract within the protein ataxin-3. Neuropathological
analysis of the brain of MJD patients reveals major neuronal loss in the deep cerebellar nuclei,
nuclei of the pons, subthalamic and red nuclei, and involvement of the spinocerebellar tracts.
Astrogliosis is observed in brains of MJD patient’s post-mortem, but it has classically been
interpreted as a reaction to neuronal demise. Our goal in this study is to determine the
contribution of glial cells for disease initiation and progression in MJD, using a well characterized
animal model of the disease, the CMVMJD135. We found a region-specific astrocytic pathology in
symptomatic mice (34 weeks of age); whereas in the substantia nigra and spinal cord (affected
regions) a classical astrocytic reactivity is present, in the pontine nuclei (affected region) we found
a general hypotrophy of the astrocytes. Nevertheless, no differences in the expression levels of the
glutamate transporter EEAT2 were detected in the brainstem and spinal cord, suggesting
functional astrocytes. These results point to a time- and region-dependent astrocytic pathology.
Interestingly, mRNA expression analysis in young symptomatic mice of inflammation-related
molecules revealed an up-regulation of anti-inflammatory molecules such as arginase-1 and Il4,
suggesting an earlier M2-like phenotype. Interestingly, as the disease progresses, we observed a
shift to a M1-like/mixed phenotype, 34 weeks-old animals showing an up-regulation of Tnfa, Il1b,
Ccl2, CD86 and Il10 in the brainstem and spinal cord. Intriguingly, the mRNA expression levels of
arginase 1 and peroxiredoxin-2, anti-inflammatory-related enzymes, were significantly decreased.
Furthermore, flow cytometry showed an increase of classical microglia activation markers, as well
as an increase of macrophages in the brain of CMVMJD135 mice at 34 weeks of age, which is in
accordance to the increased Ccl2 expression. The assessment of microglia functional changes,
made in cultured cells isolated from neonatal CMVMJD135 or control mice (WT), after 3 days in
vitro (DIV), 10 DIV and 16 DIV, allowed us to explore differences in functional response
characteristics associated to “young” and “aged” microglia phenotypes. Our results show that
while – as expected - 3 DIV (young) microglia has a higher phagocytic capacity when compared
with the 16 DIV (aged) microglia, in the three different timepoints, both in the absence/presence
of LPS, the microglia cells from CMVMJD135 mice showed a lower phagocytic capacity when
compared with WT. Altogether, these results support an involvement of astrocytes and microglia
in the pathogenesis of MJD.
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The iMGs express the canonical microglial signature genes and respond to ADP stimulus with
intracellular Ca2+ responses consistent with their expression of functional P2Y receptors,
distinguishing them from macrophages. iMGs recapitulate the functionality of microglia by
phagocytosing pathogen-labeled beads, secreting inflammatory mediators and migrating. iMGs
exhibit microglial-like metabolic shift under proinflammatory conditions from oxidative
mitochondrial respiration to anaerobic cytosolic glycolysis. Incorporation of iMGs into cerebral
organoids resulted in numerous Iba1 positive cells especially in the areas resembling the
developing cortex. Patch-clamp recordings of neurons in acutely sectioned slices of organoids
with incorporated microglia and without microglia showed distinct electrophysiological behavior
suggesting that microglia had an impact on neuronal development. Using 16 iPSC lines (healthy
donors, Alzheimer’s disease patients, isogenic controls), we further demonstrate that familial
mutations in PSEN1 and APP trigger negligible alterations to iMGs in response to
proinflammatory stimulus whereas the APOEε4/4 genotype impairs several aspects of microglial
functionality. This study sheds light on the impact of AD-related genetic backgrounds on human
microglia generated from patients and elucidates the role of microglia in disease pathogenesis in
FAD and LOAD.

Tarja Malm
University of Eastern Finland,
Finland

Modeling microglial dysfunctions in AD

Microglia are the resident immune cells of the brain with a
diversity of functions in supporting homeostasis. Improper
microglial activation has been implicated in the pathology of
eurodegenerative diseases such as Alzheimer’s disease (AD).
Given the central role of microglia in AD, we established a
method to generate human induced microglia-like cells
(iMGs) from iPSCs to enable studies on the impact of genetic
background on microglial functions in AD. We regenerated
microglial ontogeny from yolk sac by directing the
differentiation with small molecules under defined oxygen
conditions first into mesodermal lineage, followed by
primitive erythromyeloid progenitors and maturation into
into microglia.

Controlling microglia-mediated neuroinflammation in retinal diseases: role of
adenosine A2A receptors

Raquel Boia (1,2), Ines D Aires (1,2), Maria H Madeira (1,2), Ana Catarina Rodrigues-Neves (1,2), António
Francisco Ambrósio (1,2), Ana Raquel Santiago (1,2)

(1) Institute for Clinical and Biomedical Research (iCBR), Faculty of Medicine, University of Coimbra, Coimbra,
Portugal; (2) CNC.IBILI Consortium, University of Coimbra, Coimbra, Portugal

Retinal diseases, like glaucoma, diabetic retinopathy and age-related macular degeneration are
leading causes of vision loss in the world. Chronic neuroinflammation is a common feature and it
is known to contribute to retinal neurodegeneration. Microglial cells, the resident immune cells
of the CNS, participate in the neurodegenerative process. These cells become reactive, release
proinflammatory mediators and contribute to the loss of retinal neurons. Microglial cells are
endowed with adenosine A2A receptors and we have been demonstrating that the blockade of
A2A receptors controls microglia-mediated neuroinflammation and confer protection to the
retina, opening the possibility for new strategies for the treatment of retinal degenerative
diseases.

Support: FCT (PTDC/BIM-MEC/0913/2012, UID/NEU/04539/2013), COMPETE-FEDER (FCOMP-01-0124-FEDER-
028417), Centro 2020 Regional Operational Programme (CENTRO-01-0145-FEDER-000008: BrainHealth 2020).

SESSION II – MICROGLIA ACTIVATION AND 
IMMUNOREGULATION

SESSION II – MICROGLIA ACTIVATION AND 
IMMUNOREGULATION
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Microglia: much more than M1 and M2 phenotypes

Adelaide Fernandes (1,2), Claudia Caldeira (1), Mafalda Monteiro (1), Ana Rita Ribeiro (1), Ana Rita Vaz (1,2),
Gonçalo Garcia (1), Andreia Barateiro (1,2), Carla Ferreira (1), Maria Vaz Pinto (1), Dora Brites (1,2)

(1) Neuron-Glia Biology in Health and Disease, Research Institute for Medicines (iMed. ULisboa), Faculty of
Pharmacy, Universidade de Lisboa, Lisbon, Portugal; (2) Department of Biochemistry and Human Biology,

Faculty of Pharmacy, Universidade de Lisboa, Portugal

Microglia as resident immune cells of the central nervous system, promptly sense and respond to
surrounding cell signaling and microenvironment changes, as well as to injurious insults,
acquiring numerous activating states with distinct phenotypes. Following macrophage
categorization, microglia phenotypes were first divided into M1 phenotype with pro-
inflammatory properties and M2 phenotype associated with anti-inflammatory/reparative
characteristics, either expressing specific markers. However, several studies from our group and
recent results on RNA expression profiling of microglia, highlight the complexity of determining a
microglial core phenotype. Further, several factors, including age, experimental procedures and
disease, impinge alterations on microglia epigenome and transcriptome. Here, I will address how
different conditions are implicated in distinct microglial phenotypes under particular conditions,
with a particular emphasis on: (i) cellular in vitro ageing; (ii) interplay with neuronal-derived
secretome or exosomes; and (iii) microglia-specific gene signatures in different neurological
disease contexts. Overall, our results put to evidence that microglia gene signature depends on
specific condition/situation with an emergence of heterogeneous populations expressing a
mixture of “typical” phenotypic markers. In sum, we believe that disease-specific regulators
should be envisaged as more promising effective drug targets.

Funded by: EU Joint Programme-Neurodegenerative Disease Research (JPND) project with funding from the
European Union's Horizon 2020 research and innovation programme under grant agreement No 643417 FCT,
Lisboa, Portugal: JPco-fuND/0003/2015 to DB; FCT-EXPL/NEU-NMC/1003/2013 to AF; GMSI-Merck to AF; and

by FCT UID/DTP/04138/2013 to iMed.ULisboa.

TNF and glutamate dependent microglia reactivity under a psychoactive drug

Teresa Canedo (1,2,3), Joana Bravo(1,2,4), Camila C Portugal (1,5), Renato Socodato (1,5), Inês Ribeiro (1,2,3),
Ana Magalhães (1,2,4), Sónia Gomes (6), João Oliveira (6), João B Relvas (1,3,7), Teresa Summavielle (1,2,7)

(1)Instituto de Investigação e Inovação em Saúde, Universidade do Porto (UP); (2) Addiction Biology Group,
Instituto de Biologia Celular e Molecular (IBMC), UP; (3) Faculdade de Medicina, UP; (4) ICBAS, UP; (5) Glial
Cell Biology Group, IBMC, UP; (6) Instituto de Investigação em Ciências da Vida e Saúde, (ICVS), Universidade
do Minho; (7) Discovery Centre for Regenerative and Precision Medicine, Porto Campus, Portugal

Methamphetamine (METH) is a powerful drug associated with damage to the dopaminergic and
glutamatergic systems, leading to high oxidative stress in the brain. Recent studies pointed
microglia as a possible mediator of METH-induced neurotoxicity, but the molecular mechanisms
underlying METH-induced microglia activation and neuroinflammation remain unclear. Here, we
unveil the pathways involved in microglia activation under acute METH. Using immunochemistry
to Iba1, FACS sorting and evaluation of specific gene expression, we show that METH clearly
induces microgliosis in vivo. However, using primary microglia cultures we verified that METH
cannot autonomously activate these cells. Importantly, we found that conditioned media from
astrocytes (ACM) exposed to METH induces a pro-inflammatory phenotype in microglia,
increasing ROS production and iNOS expression, as well as the levels of interleukin(IL)-1beta and
6, when compared to microglia exposed to conditioned media from naïve astrocytes. To isolate
the astrocytic released factor(s) responsible for microglia activation upon METH-exposure, we
used specific FRET nanosensors and found a huge increase in glutamate release. To gain
mechanistic insight into METH-induced glutamate release, we explored the involvement of TNF
and found that Meth increases TNF-production in astrocytes. Confirming these data, METH is
largely attenuated in astrocytes obtained from TNF knockout mice. We also found that Meth
promotes astrocytic glutamate release via Ca2+ mobilisation from the endoplasmic reticulum, in
an IP3R-sensitive manner. In accordance, TNF or IP3R2 knockout mice exposed to METH do not
display METH-induced microgliosis or behavioural phenotype when tested in the elevated plus
maze. Using microfluidic chambers to co-culture primary microglia and neuronal cells, we show
also that, under METH, neuronal cells attempt to shift microglia to a more anti-inflammatory
profile, through decreasing iNOS and increasing arginase expression, and decreasing the release
of Il-1beta. We furthermore observed that, in these co-cultures, METH modulates the expression
of contact-dependent neuroimmune regulatory ligand-receptor pairs, such as CD200-CD200r;
CD47-CD172a and CD95, which we confirmed to be altered in mice exposed METH. Globally, we
described that METH activates microglia via glutamate release from astrocytes, in a TNF and
IP3R-dependent Ca2+-mobilisation pathway, and that neuronal cells attempt to reduce this
inflammatory process.

SESSION II – MICROGLIA ACTIVATION AND 
IMMUNOREGULATION

SESSION II – MICROGLIA ACTIVATION AND 
IMMUNOREGULATION
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IL-4 skews the microglial developmental program during cerebellar maturation

Joana R. Guedes (1), Pedro A. Ferreira, (1), Jéssica Costa (1), Marta I. Pereira (1,2), Ana L. Cardoso (1), João Peça
(1)

(1) Center for Neuroscience and Cell Biology, University of Coimbra, Coimbra, Portugal; (2) Inter-University
Doctoral Programme in Ageing and Chronic Diseases, Faculty of Medicine, University of Coimbra, Coimbra,
Portugal

During brain development microglia are involved in neuronal circuit remodeling via
engulfment of unnecessary neurons and synaptic pruning. Since microglia function is
dependent on their environment, these cells can adopt immune active phenotypes
following alterations in the brain milieu or upon pathological insults. While microglia
activation in disease states has been extensively described, its characteristics during
normal maturation of neuronal circuits remains poorly explored. Importantly, it is unclear
how anomalous microglia activation during critical periods of circuit development
influences behavior. The cerebellum, in addition to motor coordination, is thought to
regulate higher brain functions, as social behaviors, and is implicated in neuropsychiatric
diseases associated with deficient developmental wiring. Importantly, cerebellar microglia
display a particular immune-alert phenotype and high levels of clearance activity,
suggesting that the cerebellum is highly susceptible to immune alterations. Thus, we
hypothesize that alterations in microglia physiological phenotypes can impair cerebellar
circuit wiring. Our results indicate that microglia maturates concomitantly with the
cerebellar circuit. In the second postnatal week of development, we observed a drastic
change in microglia morphology (from an ameboid to a ramified phenotype) and a
marked decrease in the IBA-1 signal. We also showed that LPS- and IL-4-dependent
immune activation causes a shift in microglia’s normal developmental program.
Importantly, using a genetic mouse model with tdTomato-labelled cerebellar neurons, we
observed that microglia-dependent engulfment of neuronal material peaks at P10 and
that administration of IL-4 specifically decreases this process. Functionally, IL-4 increases
the frequency and amplitude of AMPA-mediated mEPSCs in Purkinje cells. This work
shows that P10 is a critical age at which microglia contributes to the maturation of the
cerebellar circuit. The effects of IL-4 on microglia characteristics and function, as well as
the consequences for the circuit activity, suggest that microglia are required to present
an LPS-like activation phenotype to proper shape Purkinje cell connectivity. Importantly,
microglia-mediated engulfment is pronounced in the granular cell layer, suggesting that
the effects of IL-4 may result in an impairment in parallel fiber-Purkinje cell synapses. We
hope this work will further our understanding on how the immune-alert phenotype of
microglia impacts cerebellar-dependent function in health and disease.
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Table 1.1 - Role of neuropeptide Y in astrocytic alterations induced by traumatic brain
injury: in vitro study

Ana Luísa Bernardo (1,2), Ricardo A. Leitão(1,2), José Luís Alves(2,3), Carlos A Fontes-Ribeiro(1,2), Ana Paula
Silva(1,2)

(1) Institute of Pharmacology and Experimental Therapeutics, Faculty of Medicine, University of Coimbra,
Portugal; (2) Coimbra Institute for Clinical and Biomedical Research (iCBR), Faculty of Medicine, University of
Coimbra, Portugal; (3) Neurosurgery Service, Coimbra Hospital and University Centre (CHUC), Portugal.

Traumatic brain injury (TBI) is a leading cause of death and disabilities worldwide and across all
ages, with long-term devastating consequences among survivors. TBI triggers a complex cascade
of events and some studies have suggested that oxidative stress is a cornerstone event leading to
and propagating secondary injury mechanisms such as excitotoxicity, apoptosis, brain edema and
inflammation, which raised the involvement of astrocytes in the negative outcomes of TBI. In
fact, most clinical trials have been focused in preventing excitotoxicity but failed to accomplish
long-term beneficial outcomes. Therefore, it is of crucial importance to identify new therapeutic
approaches to counteract deleterious effect of TBI. Interestingly, some authors have
demonstrated that neuropeptide Y (NPY) has neuroprotective effects in some neuropathological
conditions. Yet, the role of NPY on TBI has never been investigated. Therefore, the aim of this
work was to uncover the role of NPY on TBI-induced astrocytic alterations. For that, we used an in
vitro TBI model that consists on primary cultures of astrocytes subject to scratch injury, and we
were able to observe a significant increase in cell death (by TUNEL assay) and in cell proliferation
(by BrdU assay), 24 h or 48h after the scratch injury, respectively. Moreover, there was an
augmentation of reactive oxygen species (ROS) production. Importantly, the exposure to NPY (1
µM, 15min after scratch) abolished all the negative outcomes of TBI. Further, the selective
activation of NPY Y2 receptors with NPY-13-36 (300 nM) was also able to block the negative
effects of TBI. In conclusion, we demonstrated that astrocytes are affected by TBI, and NPY
system seems to be a promising target to counteract the negative outcomes induced by TBI.

Funding: Project PTDC/NEU-OSD/0312/2012 (COMPETE, FEDER funds); Pest-C/SAU/UI3282/2013-2014 and
CNC.IBILI UID/NEU/04539/2013 with national funds PT2020/COMPETE 2020 and POCI (FCOMP-01-0124-
FEDER-028417, POCI-01-0145-FEDER-007440, Centro 2020 Regional Operational Programme: BRAINHEALTH
2020 (CENTRO-01-0145-FEDER-000008).
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Table 1.2 - Astrocytes directly converted from ALS patient-fibroblasts disclose
aberrant phenotypic diversities and depleted miR-146a as a theragnostic target

Cátia Gomes (1,2), Shibi Likhite (2), Cassandra N Dennys (2), Catarina Sequeira (1), Brian K Kaspar (2), Kathrin
Meyer (2,3,4,5), Dora Brites (1,6)

(1) Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa; (2) The
Research Institute, Nationwide Children's Hospital, Columbus, 43205; (3) Molecular, Cellular and
Developmental Biology Graduate Program, The Ohio State University, Columbus, OH 43210; (4) Neuroscience
Graduate Program, The Ohio State University, Columbus, OH 43210; (5) Biomedical Sciences Graduate
Program, The Ohio State University, Columbus, OH 43210; (6) Department of Biochemistry and Human
Biology, Faculty of Pharmacy, Universidade de Lisboa, Lisbon, Portugal.

The recurrent failure of therapies for Amyotrophic Lateral Sclerosis (ALS) is caused, in part, by
lack of stratification methods of a heterogeneous patient population. Astrocyte pathology and
phenotypic aberrancies were lately identified to have a key role in ALS models. Transposition of
these findings to humans has been hampered by the limited access to CNS samples, now
overcome by cell reprogramming. Here, we explored aberrant phenotypic diversity in astrocytes
from sporadic (sALS) and SOD1 mutant ALS (fALS) patient fibroblasts, using direct
transdifferentiation. Fibroblasts from a total of 7 patients and 2 controls were directly converted
into induced neural progenitor cells and subsequently transdifferentiated into induced astrocytes
(iAstrocytes). Increased proliferative capacity in iAstrocytes of all sALS and 2 fALS, together with
reduced GFAP levels in most fALS and increased Cx43 expression mainly in sALS cell lines, were
identified as markers of astrocyte aberrancy. While up-/down-regulation discrepancies were
noticed for inflammatory-associated microRNA(miR)-146a and replicated in astrocyte-derived
small extracellular vesicles (EVs), miR-155 was upregulated in 40% of patients, two of them also
presenting decreased miR-181b levels. Reduced miR-146a expression occurred in 1 sALS and 1
fALS iAstrocytes concurrently with cell aberrancies, thus validating our previous findings in
cortical astrocytes from SOD1G93A mice. When miR-146a upregulation was tested, we observed
a reduction of aberrant- and inflammatory-markers in iAstrocytes and elevated miR-146a in their
small EVs, in which depleted miR-155 was obtained only for the sALS sample. Most interesting,
expression of synaptic/axonal transport-related genes was induced in NSC-34 motor neurons
when co-cultured with sALS-iAstrocytes upregulated for miR-146a.
In summary, our data identify miR-146a as a therapeutic target in a specific cohort of ALS patients
and highlight transdifferentiated astrocytes as a promising personalized prediction model and a
tool for assessing treatment benefits.

Funded by SCML (ALS Research Grant ELA-2015-002) and FCT (PTDC/MED-NEU/31395/2017 and LISBOA-01-
0145-FEDER-031395 to DB, UID/DTP/04138/2013 to iMed.ULisboa, and PhD fellowship CG-
SFRH/BD/102718/2014. KM was supported by the Young Investigator Development grant from the Muscular
Dystrophy Association (MDA).
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Table 1.3 - The role of astrocytic signaling on AD-like conditions

Joana Gomes (1,2), João Fonseca-Gomes (1,2), Hugo Vicente Miranda (3), Ana M. Sebastião (1,2), Maria J.
Diógenes (1,2) and Sandra H. Vaz (1,2)

(1) Instituto de Medicina Molecular João Lobo Antunes, Faculdade de Medicina da Universidade de Lisboa,
Portugal; (2) Instituto de Farmacologia e Neurociências, Faculdade de Medicina da Universidade de Lisboa,
Portugal; (3) CEDOC, Chronic Disease Research Centre, NOVA Medical School, Faculdade de Ciências Médicas,
Universidade NOVA de Lisboa, Lisboa, Portugal.

Alzheimer’s Disease (AD) is an aged-dependent neurodegenerative disease mainly characterized
by insoluble amyloid beta (Aβ) peptides aggregation. Aβ is able to disrupt long-term potentiation
(LTP) mechanism, considered the basis of learning and memory. In turn, Aβ is associated with the
loss cognitive function, characteristic of AD. In the context of tripartite synapse, astrocytes and
neurons communicate with each other in a bidirectional way, where astrocytes are able to
modulate synaptic transmission and LTP by the Ca2+-dependent release of gliotransmitters. Aβ
aggregation induces a Ca2+-signaling dysregulation in astrocytes, which can lead to the abnormal
Ca2+-dependent release of gliotransmitters. In turn, this anomalous release of gliotransmitters
can contribute to the abnormal increase of neuronal excitability, that disrupts synaptic
transmission and LTP. Thus, knowing that Ca2+-dependent release of gliotransmitters can occur
in a SNARE-dependent manner, the aim of the present work was to investigate the role of SNARE-
dependent gliotransmitters release from astrocytes upon Aβ-mediated excitotoxicity in synaptic
transmission and plasticity. fEPSP were recorded from CA1 area of hippocampal slices derived
from WT and dn-SNARE transgenic mice (8-12 weeks) in which the SNARE-dependent release of
gliotransmitters was selectively compromised in astrocytes. Importantly, this selective
impairment of SNARE-dependent release of gliotransmitters can be suppressed by doxycycline
(Dox) administration. Before fEPSP recordings, hippocampal slices were incubated with Aβ1-42
oligomers (200 nM) for 3h. LTP was induced by θ-burst stimulation in the Schaffer collaterals/CA1
area. Basal synaptic transmission and presynaptic synaptic function were also assessed by
performing Input/output curves and Paired pulse facilitation (PPF) recordings, respectively. The
θ-burst stimulation increased fEPSP slope by 35,7±4,95% in WT (Dox +) mice and by 34,9 ±10,7%
in dn-SNARE (Dox +), whereas in the presence of Aβ1-42 oligomers (200 nM) the same induction
paradigm decreased fEPSP slope to -23,6±10,3% in WT (Dox+) (p<0.05, n=3) and to -20,5 ±11,0 in
dn-SNARE (Dox +) (p<0.05, n=3-5). However, in dn-SNARE (Dox-) mice the LTP magnitude was
28,5± 3,62% in the absence of Aβ1-42 oligomers (200 nM) and 28,5± 3,76% in its presence
(p>0.05, n=4). Basal synaptic transmission appears to be compromised and no differences were
found for paired-pulse ratio between all the studied groups. The obtained results for dn-SNARE
(Dox -), where SNARE-dependent release of gliotransmitters is selective compromised, revealed a
recovery of LTP magnitude in the presence of Aβ1-42 oligomers; In addition, these results
indicate that astrocytes, by the release of gliotransmitters, participate in Aβ-mediated toxicity in
synaptic transmission and plasticity, suggesting that the blockade of SNARE-dependent release of
gliotransmitters can have a neuroprotective role on AD-like conditions.
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Table 2.1 - Immunomodulation of microglia inflammatory repertoire by dynamic miR-
124 signature of APP-Swe neuronal cells

Gonçalo Garcia (1), Adelaide Fernandes (1,2), Dora Brites (1,2)

(1) Neuron-Glia Biology in Health and Disease, Research Institute for Medicines (iMed.ULisboa), Faculty of
Pharmacy, Universidade de Lisboa, Lisbon, Portugal; (2) Department of Biochemistry and Human Biology,
Faculty of Pharmacy, Universidade de Lisboa, Lisbon, Portugal.

Neuronal miR-124 plays a pivotal regulator role in brain development and regeneration. We
found up-regulated miR-124 in SH-SY5Y cells transfected with the Swedish mutation APP695
(APP-Swe), as a model of Alzheimer’s disease (AD) [Fernandes et al. 2018]. Ongoing experiments
indicate that miR-124 up-regulation restores neuronal morphology and prevents inflammatory-
miRNA dissemination via small extracellular vesicles. Yet, the impact of such overexpression on
neuron-microglia crosstalk, particularly under an inflammatory environment, remain unexplored.
Therefore, we investigated the effects driven by the up-/down-regulation of miR-124 in neurons
on the microglia polarization status. APP-Swe cells were transfected with anti-/pre-miR-124 to
downregulate and overexpress miR-124, respectively. Switch of CHME-3 microglia into activated
M1-phenotype was done via IFN-γ stimulation prior to the co-culture with APP-Swe cells for 2, 12
and 24h. Gene and miRNA expression were accessed by RT-qPCR. IFN-γ stimulation in CHME-3
microglia induced polarization into M1 with consistent overexpression of RAGE, HMGB1, TNF-α
and MHC-II, as well as increased inflammation-implicated miR-21/146a/155. Upon co-culture
with APP-Swe cells treated with anti-miR-124 (SWE-124-D), M1 CHME-3 microglia further
exacerbated expression of RAGE/HMGB1 axis, as well as pro-inflammatory IL-1β and iNOS genes,
together with repression of M2 markers (Arginase-1, IL-10) after 12h of interaction. In contrast,
when co-cultured with APP-Swe cells overexpressing miR-124 (SWE-124-O), CHME-3 microglia
promptly reduced MHC-II and HMGB1 gene expression, which was recovered after 12h and 24h,
respectively. Curiously, while iNOS and TNF-α were found early upregulated, they became
remarkably repressed thereafter, along with miR-21 and miR-146a, suggesting that the activation
of pro-resolving cascades takes place after the adaptation period. Indeed, contrarywise to SWE-
124-D, co-culture with SWE-124-O cells led to significant overexpression of the microglial M2
markers IL-10, TGF-β and Arginase-I at later timepoints, confirming the pro-resolving potential of
miR-124 overexpression. Noteworthy, we found that co-culture with SWE-124-D decreased
microglial miR-124 levels, while the opposite was observed with SWE-124-O cells. However, the
expected inverse correlation between the levels of miR-124 and its target C/EBPα only occurred
after 24h of microglial co-culture with SWE-124-O, suggesting that this repression axis is
important for neuron-protective immunomodulatory properties. Our results indicate that miR-
124 overexpression apart from sustaining the functionality of APP-Swe cells, also promotes a
paracrine-mediated regenerative/repairing phenotype in IFN-γ-activated microglia. It remains to
be clarified whether and how such neuronal miR-124 reaches microglia and, if so, by what means
effectively regulates microglia towards neuroprotection in AD.

Table 2.2 - Heme cytotoxicity in the brain: microglia polarization and neuronal
damage

Illyane Lima (1), Ana Pêgo (1), Inês Sá Pereira (1), Gracelino Martins (1), Ana Catarina Martins (1), Antonino B.
Kapitão (1), Raffaella Gozzelino (1)

(1) Inflammation and Neurodegeneration Laboratory, Chronic Diseases Research Center (CEDOC)/NOVA
Medical School, NOVA University of Lisbon, Portugal.

Microglia are the resident cells in the brain that are known to modulate a broad spectrum of
cellular responses, among which the regulation of brain development, maintenance and injury
repair. Referred to as mediators of neuroinflammation, microglia are constantly moving
throughout the brain to sense homeostatic perturbations that might cause neuronal damage.
Changes in microglia functionality have been implicated during aging and age-related
neurodegenerative diseases, i.e. conditions associated with an increased brain iron accumulation.
Yet, our data indicate that iron per se is not capable to activate primary isolated microglia or
microglia cell line towards a pro-inflammatory phenotype, but heme is. Our findings demonstrate
that heme is capable to shift microglia from a healthy to a disease state, turning them pro-
inflammatory. The exogenous administration of heme or iron in vivo further confirms this
statement. Flow cytometry analyses have been carried out to characterize the phenotypic switch
of microglia and the resulting neuroinflammation in animals exposed to heme. Unexpectedly,
higher doses of heme suppress rather than enhancing microglia to release pro-inflammatory
cytokines and generate radical oxygen species. By becoming quiescent and under these
conditions, microglia are no longer capable to protect neurons, indicating that their
unresponsiveness could favor an increased susceptibility to neurodegenerative diseases.
Whether physiologically this occurs in older animals suffering from brain microvasculature
impairment, which contributes to disrupt heme homeostasis in the brain, is likely the case. This
hypothesis is supported by our data showing that exogenous heme administration activates
microglia and causes neuroinflammation only in young but not in aged animals, where brain
heme is already in excess.
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Table 2.3 - Profilin-1 deficiency specifically in microglia leads to microglial
dysfunction, blood-brain barrier disruption and changes in mice behaviour

Camila C. Portugal (1), Renato Socodato (1), Teresa Canedo (2), Joana F. Henriques (1,2), Cátia M. Silva (1),
Mélanie M. Ferreira (2), João Magalhães (2), Vanessa Coelho-Santos (3), Filipa I. Baptista (3), Ana Paula Silva
(3), Ana Magalhães (2), António F. Ambrósio (3,4), Teresa Summavielle (2) and João B. Relvas (1,5)

(1) Instituto de Investigação e Inovação em Saúde and Instituto de Biologia Molecular e Celular (IBMC),
Universidade do Porto, Porto, Portugal; (2) Institute for Biomedical Imaging and Life Sciences (IBILI), Faculty of
Medicine and CNC.IBILI Consortium, University of Coimbra, Coimbra, Portugal; (3) The Discoveries Centre for
Regenerative and Precision Medicine , Porto Campus, Porto, Portugal.

Microglia are resident immune cells of the central nervous system (CNS) and their functions are
critical for brain physiology. Although microglia activation is crucial for tissue repair in the healthy
brain, their chronic activation or deregulation might contribute for the pathophysiology of
neurodegenerative diseases. Understanding better the mechanisms underlying microglial
functioning is therefore important for defining targets and develop appropriate therapeutic
strategies to control their chronic deregulation. Profilin-1 is an actin binding protein that controls
assembly and disassembly of actin filaments and is important for several cellular processes
associated with the reorganization of the actin cytoskeleton including changing in cell shape,
motility and proliferation. Here, we studied the role of Profilin-1 in microglial cell function. For
that, we used a Cre-lox system to induce microglial-specific tamoxifen-inducible Profilin-1 gene
ablation in mice. We show an essential role for Profilin-1 in regulating microglial physiology and
resulting microglia-associated brain tissue homeostasis. We report that microglia-specific
ablation of Profilin-1 reduces the resident microglial population, driving dramatic changes both in
microglial cell morphology and in expression of their cell surface markers. We also found that
loss of Profilin-1 in microglia leads to the disruption of the blood-brain barrier, astrocytosis in the
cerebral cortex and hippocampus. Using the elevated plus maze and open field behavior tests,
we also observed a decrease in anxiety-like behavior with no changes in locomotion and
cognition (accessed by the Morris Water Maze test). Overall, our results demonstrate that
Profilin-1 plays a key role in controlling microglial physiology in the adult brain, which is, essential
for brain tissue homeostasis.
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Table 3.1 - Postnatal oligodendrogenesis modulated by adenosine A2AR: a putative
candidate for MS therapy

Joana Moura Mateus (1,2), Marta Alonso Gomes (1,2), Rita Soares (1,2), Sara L Paulo (1,2), Ângelo F Chora
(2), Ana M Sebastião (1,2), Sara Xapelli (1,2)

(1) Instituto de Farmacologia e Neurociências, Faculdade de Medicina, Universidade de Lisboa, Lisboa,
Portugal; (2) Instituto de Medicina Molecular João Lobo Antunes (iMM), Faculdade de Medicina,
Universidade de Lisboa, Lisboa, Portugal.

Under Multiple Sclerosis (MS) pathological conditions, there is a depletion of oligodendrocytes
(OLs), but oligodendrocyte precursor cells (OPCs) present in the brain parenchyma or derived
from subventricular zone (SVZ) neural stem cells (NSCs) can differentiate, migrate and partially
remyelinate the lesioned areas. Previous data from our group demonstrated that activation of
adenosine A2A receptors (A2AR) promoted SVZ-NSCs oligodendroglial differentiation, both in
vitro and in vivo. Hence, we aimed at understanding the role of A2AR in adult
oligodendrogenesis derived from SVZ-NSCs in an in vivo mouse model of MS. For this, the EAE
mouse model was developed, and behavioural tests (open field, rotarod, pole test) were
performed to evaluate motor function. Cellular differentiation was assessed by
immunohistochemistry assays for bromodeoxyuridine (BrdU) colocalization with
oligodendrocytic markers in brain regions of interest. Western blot and ELISA assays were used
for myelin protein levels and inflammatory cytokine quantification. Our results for EAE model
characterization suggested that motor impairment was proportional to the score of the disease
and cellular and molecular data showed an increase in the levels of the pro-inflammatory
cytokine TNFα (n=5, p<0.01). A significant increase in NG2+BrdU+ cells in the corpus callosum
(CC) of EAE mice was observed (n=3, p<0.05), hinting at the migration of precursor cells from
the SVZ to the CC. Ongoing studies encompass the administration of A2AR agonist CGS21680 in
the lateral ventricle for 28 days and assessing its effect on EAE phenotype and adult
oligodendrogenesis, ultimately unveiling the modulation of adult oligodendrogenesis as a
putative therapy for MS.
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Table 3.2 - S100B targeting change the inflammatory and immune profile of the in vivo
model of Multiple Sclerosis

Catarina Barros (1), Andreia Barateiro (1,2), Beatriz Soromenho (1), Afonso Pinto Basto (3), Raquel Freitas (3),
Dora Brites (1,2), Luís Graça (3), Adelaide Fernandes (1,2)

(1) Neuron-Glia Biology in Health and Disease, Research Institute for Medicines (iMed.ULisboa), Faculty of
Pharmacy, Universidade de Lisboa, Portugal; (2) Department of Biochemistry and Human Biology, Faculty of
Pharmacy, Universidade de Lisboa, Portugal; (3) Instituto de Medicina Molecular João Lobo Antunes, Faculdade
de Medicina, Universidade de Lisboa, Portugal.

Multiple Sclerosis (MS) is an autoimmune and inflammatory demyelinating disorder of the central
nervous system (CNS), with a prevalence of around 2.5 million people worldwide. The CNS
inflammatory cascade is known to start with the inappropriate activation of immune cells, as T cells,
in the periphery that may migrate to CNS parenchyma along with the breakdown of the blood-brain
barrier. Within CNS, activated CD4+/CD8+ T-cells create an inflammatory environment, leading to
myelin, oligodendrocyte and axonal damage. Moreover, these immune-mediated effects alongside
with glia reactivity lead to an exacerbation of inflammation culminating in neurodegeneration and
demyelination, main hallmarks of MS. Curiously, S100B, a small inflammatory molecule, is increased
in the CSF and serum of MS patients, in parallel with its overexpression in active demyelinating
lesions. Recently, using an ex vivo demyelinating model, we showed that S100B is highly released
upon demyelination and inflammatory processes while its inhibition by the small molecule
pentamidine showed promising results. Here, we aimed to explore whether by using the in vivo
model of MS, the Experimental Autoimmune Encephalomyelitis (EAE), S100B targeting with
pentamidine may also ameliorate MS-like immune-pathology. EAE induction was performed in
female C57BL/6J mice and 3 groups were formed: control (sham), EAE vehicle (saline) and EAE-
treated (pentamidine, 4mg/kg, i.p., daily). Then, we evaluated clinical score and body weight during
the 30-days of experiments, along with locomotor performance (by the Pole test and Rotarod test).
Furthermore, we also evaluated CNS immune cell infiltration at the peak of the disease (around 17
days post-induction) and inflammation at end-point. Our results revealed that disease onset was
delayed in EAE-treated animals along with a lower disease disability and increased recovery
capacity. Moreover, the EAE-treated animals also showed motor coordination almost equal to the
control ones, which was concordantly with the disease course. Regarding immune cell response,
EAE-treated animals showed a reduced cell infiltration in both lumbar and thoracic regions of the
spinal cord. Interestingly, at the peak of the disease, these animals also showed decreased
percentage of Th1 and Th17 cells, alongside with a decreased Th17/Treg ratio. Moreover, at the end-
point, pentamidine treatment showed to prevent the exacerbated expression of inflammatory
factors (TNF-α/IL-1β) and even increasing the expression of anti-inflammatory ones (IL-10). Overall,
EAE mice presented paralysis and loss of motor performance that are aggravated throughout time,
whereas in the EAE-treated animals there was an improvement of symptoms as well as
inflammation and immune cell response. Indeed, targeting S100B may be a new therapeutic
strategy, acting not only as a mediator of CNS inflammation but also as a modulator of immunity.
Funded by GMSI-Merck to AF, by FCT UID/DTP/04138/2013 to iMed.ULisboa
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Table 3.3 - Mitochondrial Dynamics: a target for regulation of adult neural stem cell 
fate

Rita Soares (1,2), Ana M. Sebastião (1,2), Sara Xapelli (1,2), Vanessa A. Morais (1)

(1) Instituto de Medicina Molecular João Lobo Antunes, Faculdade de Medicina, Universidade de Lisboa,
Lisboa; (2) Instituto de Farmacologia e Neurociências, Faculdade de Medicina, Universidade de Lisboa, Lisboa.

Mitochondrial dysfunction has been linked to progressive loss of neurons in Parkinson’s disease
and Alzheimer’s disease, and loss of oligodendrocytes in Multiple Sclerosis. Neural stem cells
(NSCs) can differentiate into neurons, astrocytes and oligodendrocytes, making them a powerful
tool to treat disease-related neural loss. A major aspect that remains unclear is whether
mitochondrial dynamics have a role in directing NSC fate toward neuronal and/or
oligodendroglial lineage. Hence, our work aims to dissect how mitochondria biogenesis,
morphology and bioenergetics can modulate the NSC differentiation into neurons or
oligodendrocytes. For this, neural stem/progenitor cells (NSPCs) were obtained from the
neurogenic regions (subventricular zone-SVZ, and dentate gyrus-DG) from P1-3 C57Bl6 mice. The
isolated cells were grown in neurospheres, and consequently passaged to guarantee higher yields
of NSPCs. Thereafter, neurospheres were plated under specific differentiation conditions giving
raise to neurons, astrocytes and oligodendrocytes. Different parameters namely seeding density,
culture conditions and number of passages were determined. Moreover, the multipotency of
SVZ/DG-derived NSPCs, obtained from different passages, were also accessed. Additionally,
several mitochondrial properties were also determined. The expression of proteins involved in
mitochondrial biogenesis and fusion/fission appear altered during NSPC differentiation, while
mitochondrial network reveals a more fragmented morphology. Understanding how
mitochondrial dynamics change during NSPC differentiation is crucial for future modulation of
mitochondrial processes to enhance lineage-directed differentiation, which will be fundamental
for the development of therapeutic strategies to restore cell loss in several neurological
disorders.
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Table 4.1 - Lactate acts as a gliotransmitter modulating neuronal network activity 
through the activation of HCAR1

Haíssa de Castro Abrantes (1), Stefan Offermanns (2), Jean-Yves Chatton (1)

(1) Department of Fundamental Neuroscience, University of Lausanne, 1005, Lausanne, Switzerland; (2)
Department of Pharmacology, Max-Planck-Institute for Heart and Lung Research, Bad Nauheim, Germany.

Lactate, mainly produced by astrocytes in the brain, has been shown to be used as a substrate to
maintain synaptic activity. It was recently discovered that neurons of the central nervous system
express the hydroxycarboxylic acid receptor 1 (HCAR1), a Gi protein coupled receptor (GPCR)
with lactate as its endogenous ligand, pointing out to additional non-metabolic effects of lactate
on neuronal network activity. We found that L-lactate and two non-metabolized agonists of
HCAR1 (3,5-DHBA and 3-Cl-HBA), reversibly decreased spontaneous network activity of primary
cortical neurons of wild-type (WT) mice, but not of neurons prepared from HCAR1 knock-out
animals. Using electrophysiological recordings, we show that HCAR1 activation with 3-Cl-HBA
decreases mEPSCs frequency but not amplitude, and induces a change in the paired pulse ratio of
WT neurons. In addition, HCAR1 activation induced hyperpolarization of the resting membrane
potential, reduction of the input resistance and of the time constant, together with an increase of
the rheobase, leading to a decrease in the action potential firing frequency. Thus, we
demonstrate that HCAR1 modulates neuronal activity at the presynaptic level and alters neuronal
intrinsic properties. We further demonstrate that the downstream pathway induced by the
activation of HCAR1 in neurons involves the inhibition of adenylyl cyclase, decrease of cAMP
levels and of PKA activity, confirming the involvement of the upstream Gαi subunit. However, the
blockade of the Gβɣ subunit partially reversed HCAR1 effect on WT neurons, indicating that both
Gαi and Gβɣ subunits are involved in the HCAR1 mechanism of action for the modulation of
network activity. Together, our results demonstrate the consequence of HCA1R activation as a
non-metabolic action of lactate on neuronal activity, providing evidence that lactate can act as a
gliotransmitter and a neuromodulator.

Table 4.2 - Ablation of RIP3 protects from dopaminergic neurodegeneration and 
replenishes striatal GDNF 
levels in a MPTP-mouse model of Parkinson’s disease

Pedro A. Dionísio (1), Sara R. Oliveira (1), Joana D. Amaral (1), Cecília M. P. Rodrigues (1)

(1) Cellular Function and Therapeutic Targeting, iMed. ULisboa, Faculty of Pharmacy, Universidade de Lisboa.

Parkinson’s disease (PD) is driven by dopaminergic neurodegeneration in the substantia nigra
(SN) and striatum. Although apoptosis is considered the main mechanism for neurodegeneration,
other cell death pathways may be involved. In this regard, necroptosis is a regulated form of cell
death dependent on receptor interacting protein 3 (RIP3), which is implicated also in apoptosis
and inflammation. Here we intended to explore the role of RIP3 in a MPTP-mouse model of PD.
Wild-type (Wt) and RIP3 knockout (RIP3ko) mice were injected with 40 mg/kg MPTP
intraperitoneally and sacrificed after 30 days. One hemisphere was processed for
immunohistochemistry, while the striatum and midbrain, containing the SN, were isolated from
the other hemisphere for Western blot (WB) analyses. Primary mixed glial cultures from Wt and
RIP3ko mice were exposed to several pro-inflammatory stimuli, and pro-inflammatory gene
expression and activation of signalling pathways were determined by qRT-PCR and WB,
respectively. MPTP exposure decreased the levels of tyrosine hydroxylase, a marker of
dopaminergic neurons, in the SN and striatum of Wt mice, which was reverted in RIP3ko mice.
Intriguingly, MPTP-injected RIP3ko mice presented reduced caspase-3 activation in the SN,
suggesting diminished apoptosis. Moreover, MPTP exposure increased astrogliosis in the
striatum of Wt mice, which was exacerbated in RIP3ko mice. This effect was accompanied by
absence of pro-inflammatory markers and reposition of glial cell line-derived neurotrophic factor
(GDNF) levels in the striatum of MPTP-injected RIP3ko mice when compared to MPTP-injected
Wt mice, which presented a massive decrease in GDNF levels. Of note, GDNF is a potent
neurotrophin for dopaminergic neurons.
Primary mixed glial cultures from RIP3ko pups also presented a general decrease in the
expression of inflammation-related genes upon strong and mild pro-inflammatory stimulation,
suggesting a pro-inflammatory role for RIP3 in this context. Consistent with these observations,
p38, JNK and Erk1/2 phosphorylation was basally lower in RIP3ko cultures, which was maintained
after inflammatory activation. RIP3 knockout protected from apoptosis in the MPTP-mouse
model, while potentiating a neurotrophic milieu in the striatum. Moreover, RIP3ko mixed glial
cultures present decreased pro-inflammatory gene expression and activation of signalling
pathways. Our results highlight RIP3 as a dual therapeutic target in PD, both in
neurodegeneration and inflammation.

Acknowledgements: UID/DTP/04138/2013, SFRH/BD/102771/2014, SFRH/BPD/100961/2014,
PD/BD/128332/2017, FCT, Portugal
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Table 4.3 - Targeting miR-124 in ALS motor neurons to prevent neurodegeneration and
glial activation

Catarina Sequeira (1), Ana Rita Colaço (1), Daniela Vizinha (1), Ana Rita Vaz (1,2), Dora Brites (1,2)

(1) Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon,
Portugal; (2) Department of Biochemistry and Human Biology, Faculty of Pharmacy, Universidade de Lisboa,
Lisbon, Portugal.

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by motor neuron
(MN) loss and glia reactivity in the brain and spinal cord (SC). MNs are main players in disease
onset and in astrocytic and microglial activation, which in turn exacerbate neuronal injury at later
disease stages. MiRNA(miR)-124, one of the most abundant miRNAs in the CNS, was found
elevated in the cerebrospinal fluid of ALS patients, as well as in the SC of ALS mice with the G93A
mutation in superoxide dismutase 1 (mSOD1). Recently, we found that miR-124 is upregulated in
the MN-like cell line NSC-34 overexpressing human mSOD1 (mSOD1MN) and in small extracellular
vesicles isolated from cell secretome [1]. Here, we aimed to assess if: (i) miR-124 upregulation in
NSC-34 wild-type (WT) cells was implicated in loss of function and structure; (ii) miR-124
downregulation in mSOD1MNs had neuroprotective benefits and prevented cell-secretome
mediated impact on microglia and astrocyte activation. For that, WTMNs were transfected with
pre-miR-124 to mimic the disease (WTMNup), while mSOD1MNs were treated with anti-miR-124
(mSOD1MNdown) for functional recovery. WTMNup cells revealed many of the pathological
features of mSOD1MNs, namely a specific pattern of inflammatory-associated miRNAs (increased
miR-125b and decreased miR-146a/miR-21), together with synaptic dysfunction (increased
synaptophysin and decreased PDS-95), neurite outgrowth loss, reduced mitochondria viability and
axonal transport deficits (increased dynein and decreased kinesin). In contrast, such
dysfunctionalities were prevented in mutMNdown cells. When secretome from WTMNup and
mSOD1MNs was incubated (24h) with WTAstrocytes isolated from mice pups (8-days old), we
observed a reduction of GLT-1 and GFAP relatively to that of WTMNs. Moreover, although no
aggravation of reduced GFAP levels in mSOD1Astrocytes occurred, further reduction of GLT-1
positive cells was observed by both WTMNup and mSOD1 secretome, but the same was
prevented by that from mSOD1MNdown cells. These data show that upregulation of neuronal
miR-124 in the ALS model is implicated in astrocyte aberrancies and promote excitotoxicity.
Secretome from mSOD1MNs also polarized mSOD1Microglia towards a M1 phenotype, after 4
incubation, which was counteracted by mSOD1MNdown-derived secretome, thus corroborating
the harmful paracrine effects of overexpressed miR-124 in ALS neurons over glial cells. Overall,
our work highlights the targeting of miR-124 in mSOD1 MNs as a promising and broad therapeutic
strategy in ALS, once its downregulation simultaneously prevent MN impairment and secretome-
mediated astrocytic dysfunction and microglial activation.

[1] Pinto S, Cunha C, Barbosa M, Vaz AR, Brites D. Front Neurosci 2017.

Funded by SCML (ALS Research Grant ELA-2015-002) and FCT (PTDC/MED-NEU/31395/2017 and LISBOA-01-
0145-FEDER-031395 to DB, UID/DTP/04138/2013 (iMed.ULisboa) and fellowship ARV-SFRH/BPD/76590/2011).
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Table 5.1 - MiniSOG: temporal and spatial control over astrocyte exocytosis

Diana Nascimento (1, 2), Inês Caetano (1,2), João Filipe Viana (1,2), Sónia Guerra-Gomes (1,2), Jaclyn Dunphy
(3), Philip Haydon (3), Nuno Sousa (1,2), João Filipe Oliveira (1,2,4)

(1) Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga,
Portugal; (2) ICVS/3B’s – PT Government Associate Laboratory, Braga, Portugal; (3) Department of
Neuroscience, Tufts University School of Medicine, Boston, MA, USA; (4) IPCA-EST-2Ai, Polytechnic Institute of
Cávado and Ave, Applied Artificial Intelligence Laboratory, Campus of IPCA, Barcelos, Portugal.

Astrocytes interact intimately with neurons forming “tripartite synapses”, thus being able to
sense, process and respond to incoming signals. Ultimately, these cells are capable of modulating
the transmission of neural signals, thus having an impact on brain circuits and behavior. We have
previously demonstrated that blockade of astrocyte-derived transmitters, results in theta
oscillations asynchrony between the hippocampus (HIP) and the prefrontal cortex (PFC), which is
accompanied by cognitive deficits. Nevertheless, the exact mechanisms underlying these
functional outputs are still not fully understood which is aggravated by the lack of better tools to
target astrocytes specifically. Here, we evaluated the potential of Mini Singlet Oxygen Generator
(miniSOG) as a promising optogenetic tool for temporal and spatial control of astrocytic
exocytosis. Adeno-associated viruses (AAV), containing a miniSOG-Synaptobrevin constructs,
were injected in dorsal hippocampus of young-adult mice leading to the inactivation of
synaptobrevin proteins and vesicles formation. Specific promotors allowed the targeting of either
astrocytes or neurons. Weeks after, local field potentials (LFP) were recorded before and after
light stimulation. Coherence between HIP and PFC was also assessed. Preliminary results suggest
that light-induced generation of reactive oxygen species (ROS) indeed affects electrophysiological
outputs of infected mice. Data corroborates with previous findings obtained from cell cultures
and hippocampal brain slices, but importantly this represents the first piece of
electrophysiological evidence in living animals. We conclude that MiniSOG strategy provides the
chance for combined optogenetics and electrophysiology which has great potential particularly
for a controlled manipulation of astrocytes. This tool, by mimicking astrocytic malfunctions that
can be found in several pathological states, will certainly help better understand the role of
astrocytes in both health and disease.
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Table 5.2 - Immunomodulatory and regenerative effect of adipose stem cell exosomes
on spinal cord injury context

Andreia G. Pinho (1,2), Lima R (1,2), Gomes ED (1,2), Silva D (1,2), Rocha LA (1,2), Serra SC (1,2), Silva NA (1,2),
Monteiro S (1,2), Salgado AJ (1,2)

(1) Life and Health Sciences Research Institute (ICVS), School of Minho, Campus Gualtar, 4710-057 Braga,
Portugal; (2) ICVS/3B’s - PT Government Associate Laboratoof Health Sciences, University ry,
Braga/Guimarães, Portugal.

Spinal cord injury (SCI) leads to the loss of neuronal function causing permanent motor and
sensory impairments. Adipose tissue derived mesenchymal Stem Cells (ASCs) secretome is a
potential therapeutic agent since it contains bioactive factors and exosomes with
immunomodulatory and neuroregulatory properties that can modulate glial and neuronal
survival and differentiation. Exosomes are membrane-enclosed nanovesicles (30–150 nm) that
shuttle active cargoes (proteins, active enzymes or micro-RNAs) between different cells. They
emerge as candidates for mediating the therapeutic action of ASCs secretome, although this
causality needs to be confirmed. To dissect the individual potential of exosomes we isolated
them through an ultracentrifugation process from the total ASCs secretome and tested their
impact on immune and neuronal cells in vitro. Since microglia are the first immune cells
responding to injury and can uptake exosomes through phagocytosis, they could be one
attractive target mediating the exosomes therapeutic effects. At first, we compare both the
morphology and function of microglia from the spinal cord to that of the brain. Since we
observed that spinal cord microglia exhibit remarkable differences, we dissected the impact of
the ASC secretome and their exosomes specifically in this population. The immunomodulatory
potential of ASC exosomes was dissected both in activated and non-activated primary cultures of
spinal cord microglia to mimic the SCI environment in vitro. The regenerative effects were tested
on Dorsal Root Ganglia (DRG) explants where we observed that exosomes promoted axonal
growth. This study allowed to dissect the contribution of ASCs exosomes on immune and
neuronal cell population, giving new insights on the ASCs secretome mode of action to promote
neural repair in a SCI context.
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Table 5.3 - Exosomes released by microglia under elevated hydrostatic pressure
promote retinal cell loss and microglia reactivity

Inês D. Aires (1,2,) T. Ribeiro-Rodrigues (1,2), R. Boia (1,2), S. Catarino (1,2), D. Almeida (1,2), H. Girão (1,2),
A.F. Ambrósio (1,2), A.R. Santiago (1,2)

(1) Coimbra Institute for Clinical and Biomedical Research (iCBR), Faculty of Medicine, University of Coimbra,
Portugal; (2) CNC.IBILI Consortium, Coimbra, Portugal.

Microglia-mediated neuroinflammation plays a role in retinal degeneration in glaucoma, a
leading cause of blindness. Nevertheless, how microglial cells send the inflammatory signal to
other retinal cells is still poorly understood. Previous studies have demonstrated that brain
microglia under pathological conditions release exosomes, small extracellular vesicles (30-150
nm) that amplify the inflammatory milieu and contribute to neurodegeneration. Herein, we
hypothesise that retinal microglia exposed to elevated pressure spread the inflammatory signal
through the release of exosomes orchestrating the loss of retinal ganglion cells. Microglial cells
were exposed to elevated hydrostatic pressure (EHP, 70 mmHg above atmospheric pressure) for
24 hours. Exosomes were isolated by sequential ultracentrifugation and characterized. These
vesicles were incubated in naïve microglial cells or primary retinal neural cell cultures and the
effects of exosomes on microglia reactivity and neural cell loss was determined. Exosomes were
injected intravitreally in C57BL6 mice and microglia reactivity and the number of retinal ganglion
cells were assessed. The exposure to EHP increased the release of exosomes by microglia. EHP-
derived microglial exosomes alter naïve microglia towards a pro-inflammatory phenotype with
increased expression of markers of reactivity, pro-inflammatory mediators and augmented
motility and phagocytic efficiency. In addition, exosomes derived from EHP-challenged microglia
increased the production of ROS and cell death in primary retinal neural cell cultures. Preliminary
results suggest that injection of EHP-derived exosomes in the retina induces microglia reactivity
and decrease the number of retinal ganglion cells. These results demonstrate that exosomes
derived from microglia impact the inflammatory milieu and contribute to the loss of retinal
ganglion cells, suggesting a role in models of glaucoma.

Support: Foundation for Science and Technology (FCT), Portugal (PhD fellowships SFRH/BD/115003/2016,
PD/BD/127821/2016, PD/BD/114115/2015, and PD/BD/52294/2013, Grant PTDC/BIM-MEC/0913/2012, and
Strategic Project UID/NEU/04539/2013), COMPETE-FEDER (FCOMP-01-0124-FEDER-028417; POCI-01-0145-
FEDER-007440), Centro 2020 Regional Operational Programme (CENTRO-01-0145-FEDER-000008:
BRAINHEALTH 2020), Banco Santander Totta (Grant FMUC-BST-2016-224).
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Actin dynamics and mechanisms of regulation in oligodendrocyte biology

Ana I. Seixas (1,2), Maria M. Azevedo (1,2), João B. Relvas (1,2)

(1) i3S - Instituto de Investigação e Inovação em Saúde, Universidade do Porto; (2) IBMC - Instituto de Biologia
Molecular e Celular

Myelinating glia are highly specialized cells that rely on remarkable morphological and functional
plasticity to assemble the myelin sheath, a multilayered membrane that wraps spirally around
axons and is an essential component of the vertebrate nervous system. Oligodendrocytes are
the myelin-forming cells of the central nervous system (CNS) that ensure fast action potential
propagation and provide metabolic support to axons. During development, precise orchestration
of the myelination program requires the oligodendrocyte’s response to intrinsic signals,
extracellular cues and heterologous cell:cell interaction. In broad terms, this response activates a
transcriptional differentiation program that directs the production of myelin proteins, and
triggers dramatic cytoskeletal reorganization necessary for oligodendrocytes to form structurally
and functionally distinct actin-rich protrusions that contact and wrap around axons. A complex
question that remains in the field is how the extension of specialized membrane protrusions is
structurally and molecularly orchestrated in oligodendrocytes. In a recent study, we applied real-
time imaging of brain oligodendrocytes cultured in vitro to show that during differentiation
oligodendrocytes undergo an actin-dependent stereotypical program of “cellular shaping” in
order to mature and later assemble myelin-sheath like structures. Furthermore, disruption of
actin dynamics by perturbing levels of Jmy (a multifunctional actin-polymerization factor that we
found to be enriched in pro-myelinating oligodendrocytes) leads to an impairment in
morphological differentiation that in turn severely affects the cell’s capacity to form myelin
membranes. Altogether, a growing body of evidence suggests that in oligodendrocytes, the actin
cytoskeleton provides both form and function. We observed that expression of distinct classes of
actin regulators is differentially regulated during differentiation. This indicates that the pool of
actin-binding proteins found in the cell at different developmental stages is finely tuned to
provide morphological adaptability that underlies oligodendrocyte function(s) in the developing,
and possibly also the adult, CNS.
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The paradigm shift on remyelination failure problem – do mechanical properties play a
crucial role?

Eva Carvalho (1,2,3), M. Araújo (1,2), H. Hubbe (4), E. Mendes (4), C.C Barrias (1,2,5), A.P. Pêgo (1,2,3,5)

(1) Instituto de Investigação e Inovação em Saúde (i3S), Universidade do Porto, Portugal; (2) Instituto de
Engenharia Biomédica (INEB), Universidade do Porto, Portugal; (3) Faculdade de Engenharia, Universidade do
Porto, Portugal; (4) Delft University of Technology, Chemical Engineering Department, The Netherlands; (5)
Instituto de Ciências Biomédicas Abel Salazar, Universidade do Porto, Portugal.

Therapeutic strategies aiming to overcome the loss of myelin sheath in central nervous system
demyelinating diseases are often unsuccessful due to the lack of knowledge underlying the
mechanisms of remyelination failure. The environment surrounding a demyelination lesion is seen
as a hostile terrain characterized by many factors that can inhibit myelin production by
oligodendrocyte precursor cells (OPCs). The formation of a glial scar with reactive astrocytes
producing high amounts of altered extracellular matrix (ECM) proteins can seriously compromise
OPC regenerative capacity. Our aim is to understand the impact of ECM mechanical properties that
are altered as a consequence of astrogliosis on the modulation of OPC differentiation. Here we
describe the development of an in vitro tissue engineered platform to study these phenomena.
The platform consists on a structure of polydimethylsiloxane (PDMS) embed within an alginate
matrix to fully recreate the 3D environment of the ECM. OPCs were shown to proliferate and
differentiate into oligodendrocytes (OLs) when cultured on the PDMS structures. Differentiated
OLs were found to extend their processes and generate spread myelin sheaths in a rapid and
reproducible way. Alginate hydrogels were produced by combination of alginate formulations with
cell adhesive moieties (RGD) and metalloproteinase-cleavable sequences (PVGLIG). RGD was
grafted to the alginate by carbodiimide chemistry and PVGLIG was conjugated to the polymer
backbone either by carbodiimide chemistry or reductive amination on partially oxidized alginates.
Parameters involved in hydrogel formation, as alginate content (0.5-1.5% wt/v), PVGLIG and RGD
concentration (40-400µM), oxidation status (5 and 10%) and gelation time (15, 30 and 60 min)
were varied and the effects on OPC differentiation were analysed. The hydrogels were non-toxic to
OPCs and differentiation status was conditioned by hydrogel characteristics, including stiffness.
The introduction of a cleavable sequence decreased the Young’s modulus of the hydrogels from
1.5kPa in non-modified alginate to 1.2kPa in alginate containing PVGLIG. For the same PVGLIG
concentration, alginate oxidation induced a 2-fold decrease in these values. OPC differentiation
was increased for higher PVGLIG concentrations in oxidized alginates with Young’s modulus around
0.25kPa, which are in the range of brain’s stiffness. Astrocytes were also embedded within the
modified alginate matrices and showed capacity to extend long processes after day 1 in culture
and create an astrocytic network. Meningeal fibroblast conditioned medium was used to activate
astrocytes and astrocytic morphology remained similar. Overall, this work contributes to the
process of development of a new in vitro platform that can serve as a tool to dissect
(de)myelination processes and opens further avenues towards the understanding of the impact of
ECM mechanical properties on OPC differentiation.
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P1 - Universal laws for protein complementation as a therapeutic tool

Ana Catarina Narciso (1,2), Ricardo Letra-Vilela (1), Fernanda Murtinheira (1), Federico Herrera (1), Manuel
Nuno Melo (2)

(1) ITQB Nova - Cell Structure and Dynamics Lab; (2) ITQB Nova - Multiscale Modeling Lab.

Protein complementation (PC) is a property of most proteins that was first reported in 1958, in a
pancreatic ribonuclease. It consists on the proteins’ ability to be split into two or more non-
functional fragments. β-galactosidase, protein- and may have other applications beyond the
analysis of protein-protein interactions. Assuming all truncated proteins could be reassembled
and giving that many human diseases are caused by deletions/truncations/miscleavage of
proteins, we suggest fragments can be designed to complement structure and rescue the
function of disease-related proteins. Using the well described PC in proteins from the green
fluorescent protein (GFP) family as a starting point, we hope to unravel a universal model that
allows the prediction of PC combinations in human health benefit. We focus our work on trying
to create a computational model that integrates many protein fragments (the fluorescence of
which depends) on a successful complementation. This model will predict which fragments can
have a productive complementation a priori. To this end, we will feed our model with as many
chemical-physical/structural/sequence features as possible: among others, fragment sequence
overlap, distance of cleavage site to the fluorophore, structural exposure of the fluorophore after
cleavage, solvent accessible surface area of the fragments, and hydrophobic/hydrophilic
character of the cleaved interfaces. Experimental work will be used to test our model in vivo. We
expect to lay the groundwork for the discovery of universal rules of PC and thus enable the
rational design of new complementation therapies for a wide spectrum of human pathologies.
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In my presentation I will summarize the knowledge regarding endogenous remyelination in MS
and discuss possibilities how iPSC derived oligodendrocytes from MS patients and healthy
controls can be used for disease modeling and identification of new treatment options.

Tanja Kuhlmann
Institute of Neuropathology
University Hospital Münster, 
Germany

How to wrap the myelin: New approaches to
understand myelin diseases

Multiple Sclerosis (MS) is the most frequent inflammatory
demyelinating disease of the CNS and a leading cause for
disability in young adults. Immunosuppressive or
immunomodulatory therapies prevent new inflammatory
lesions that underlie clinical relapses but do not arrest
disease. Therefore, therapies promoting remyelination
represent a promising new treatment approach. However,
limited access to human oligodendrocytes represents a
major obstacle for better understanding of myelin diseases
and development of new treatment options. To circumvent
this problem a number of protocols have been developed to
generate myelinating oligodendrocytes from human induced
pluripotent stem cells (iPSC) in 2D and 3D culture systems.



P2 - Asymmetric post-translational modifications regulate the intracellular
distribution of unstimulated STAT3 dimers

Beatriz Cardoso (1), Ricardo Letra-Vilela (1), Catarina Silva-Almeida (1), Ana Maia Rocha (1), Fernanda
Murtinheira (1), Joana Branco-Santos (1), Carmen Rodriguez (2), Vanesa Martin (2), Mariana Santa-Marta (1)
and Federico Herrera (1)

(1) Cell Structure and Dynamics Laboratory, Instituto de Tecnologia Quimica e Biologica (ITQB-
NOVA), Universidade Nova de Lisboa, Oeiras, Portugal; (2) Instituto Universitario de Oncología del
Principado de Asturias (IUOPA) and Departamento de Morfología y Biología Celular, Facultad de
Medicina, c/Julian Claveria, 33006 Oviedo, University of Oviedo, Spain.

Signal Transducer and Activator of Transcription 3 (STAT3) is a cytoplasmic transcription factor
that is involved in the control of cell proliferation, differentiation, survival, angiogenesis, and
immune response. STAT3 is one of the key molecules that trigger reactive astrogliosis, a process
that upon brain injury induces dramatic changes in gene expression, morphology and
proliferation of astrocytes, and the formation of glial scar in severe cases. STAT3 dysregulation
initiates and sustains a variety of human diseases. High levels of constitutively activated STAT3
have been implicated in the progression of cancers of breast, ovaries, prostate, lung, pancreas,
brain and hematologic malignancies. There are numerous posttranslational modifications (PTMs)
that regulate STAT3 activity, such as tyrosine (705) and serine (727) phosphorylation, lysine (49 or
685) acetylation, lysine (49 or 140) dimethylation. Tyrosine phosphorylation (P-STAT3) happens
upon stimulation with cytokines and growth factors and P-STAT3 then translocates to the nucleus
and binds to specific DNA response elements to facilitate gene transcription. However, recent
data demonstrated that unphosphorylated STAT3 homodimers (U-STAT3) can also enter the
nucleus and mitochondria and initiate transcriptional activity or enhance cellular respiration,
respectively. In order to visualize and study the dimerization and intracellular localization of
unstimulated STAT3 in living cells, we developed a Venus-STAT3 biomolecular fluorescence
complementation (BiFC) assay. All previous studies on STAT3 dimerization work on a
homogenous pool of STAT3 molecules, where all STAT3 molecules are equally modified (i.e.
“symmetric”). However, this is highly unlikely in a complex intracellular environment, as post-
translational modifications do not necessarily occur with complete efficiency or simultaneously.
We demonstrate that asymmetric post-translational modifications change the intracellular
distribution of STAT3 homodimers more strikingly than symmetric ones. This could mean a new
level of regulation of STAT3 activity, and therefore a new possible therapeutic target. Our results
could be highly relevant for other protein complexes regulated by post-translational
modifications beyond STAT3. Given the essential roles of STAT3 in development, immunity,
tissue stress and cancer, our findings could have important implications for the diagnosis,
treatment and understanding of a wide spectrum of human pathologies.
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P3 - Astrocytic GABA Transport is compromised in Childhood Absence Epilepsy

Carolina Pina (1,2), Tatiana P. Morais (3), Ana M. Sebastião (1,2), Vincenzo Crunelli (3), Sandra H. Vaz (1,2)

(1) Instituto de Medicina Molecular João Lobo Antunes, Faculdade de Medicina, Universidade de Lisboa,
Portugal; (2) Instituto de Farmacologia e Neurociências, Faculdade de Medicina, Universidade de Lisboa,
Portugal; (3) Neuroscience Division, School of Biosciences, Cardiff University, Cardiff, UK.

Typical absences are non-convulsive epileptic seizures and constitute a major hallmark of
childhood absence epilepsy (CAE), one of the most prevalent infantile epilepsy syndromes. These
seizures are defined as sudden and brief impairments in consciousness, accompanied by 2.5-4Hz
synchronized and bilaterally symmetrical electrical discharges, known as spike-wave discharges
(SWD), which occur in the thalamocortical network (Crunelli and Leresche, 2002). The precise
aetiology of absence seizures remains unascertained; however, it was recently demonstrated
that exacerbated tonic GABA-mediated inhibition is both a sufficient and necessary condition for
triggering seizures. The persistent tonic current purportedly results from a deficiency in GABA
Transporter 1 mediated uptake (Cope DW et al., 2009), suggesting GABA might accumulate in the
synaptic cleft and subsequently spill over, leading to the continuous activation of extrasynaptic
GABAA Receptors. Considering GABA transporters are amply expressed in cortical and thalamic
astrocytes, with GABA transporter 3 being exclusively astrocytic, their contribution for the
pathophysiology of absence seizures is plausible. Aiming to assess the possible involvement of
astrocytes in absence seizures, a well-validated model of CAE, the Genetic Absence Epilepsy Rat
from Strasbourg (GAERS), along with the corresponding control strain, the Non-Epileptic Control
(NEC), will be used for obtaining primary cultures of cortical and thalamic astrocytes. GABA
uptake assays using [H3]GABA were performed in order to evaluate GAT1 and GAT3 activity,
achieved by selectively blocking each transporter with specific drugs, the GAT1 antagonist SKF-
89976a (20 µM) and GAT3 antagonist SNAP-5114 (20 µM). A decrease in GAT1-mediated uptake
was observed in cortical and thalamic astrocytes of GAERS in relation to control, contrasting with
an apparent increase in GAT3-mediated GABA transporter in thalamic astrocytes obtained from
epileptic animals. These findings further suggest GABA transporter functionality is altered in
childhood absence epilepsy, subsequently compromising proper GABAergic signalling, and that
astrocytes are directly involved in the pathophysiology of the disease.
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P4 - Towards a smaller but functional sacsin protein for ARSACS gene therapy

Fernanda Murtinheira (1), Cristina Duarte Olivenza (2), Ricardo Letra-Vilela (1), Beatriz Cardoso (1), Vanesa
Martin (2), Carmen Rodriguez (2), Federico Herrera (1)

(1) Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Av. Da República, EAN, 2780 –
157, Oeiras, Portugal; (2) Departamento de Morfologia y Biologia Celular, Universidad de Oviedo, C/Julian
Clavería S/N, 33006, Oviedo, España.

Autosomal recessive spastic ataxia of Charlevoix‐Saguenay (ARSACS) is a recessive
neurodegenerative disorder caused by mutations in the SACS gene which lead to truncated or
defective forms of the 520 kDa multidomain protein sacsin. The role of this protein is barely
known, although it displays chaperone activity and is related to mitochondrial biology and
function. Sacsin knockout mice show histopathological and neurological features consistent with
ARSACS, indicating that the disease is caused by sacsin loss-of-function. This opens the possibility
to treat ARSACS by restituting sacsin functions. Our aim is to produce functional smaller versions
of sacsin that retain sufficient function to revert ARSACS phenotypes at a molecular and cellular
level. Western Blotting analysis of whole cell lysates revealed that human embryonic kidney 293
cells (HEK293), C6 rat glioblastoma cells (C6), Hela cells and human embryonic keratinocytes
(HEKn) expressed detectable levels of sacsin. Immunocytochemistry studies in C6 and HEKn cells
showed that sacsin had a predominantly cytoplasmic localization with a mitochondrial
component in those cells that expressed it. To gain better insight into sacsin function we applied
CRISPR/Cas9 system to knockout sacsin in C6 cells. Western blot analysis validated the knockout
of Sacs at a protein level in individual clones grown from single cells. We analysed the effects of
sacsin knockout on cell morphology, physiology, functionality, proliferation as well as on
mitochondrial morphology, function and localization. Proteomic and metabolomic studies will be
performed to identify potential molecular patterns relevant to ARSACS phenotype and
treatment. Such patterns will not only provide relevant information about sacsin normal
function, but also an essential tool to test new gene therapy strategies to correct sacsin defects.
We will also clone different fragments of human sacsin into a pcDNA mammalian expression
vector, in fusion with EGFP, to determine their intracellular localization, the domains responsible
for its mitochondrial localization and their ability to recover the normal patterns in sacsin -/-
cells. Our results will lay the groundwork for the future treatment of ARSACS, but also advance
our basic understanding of sacsin’s biology.
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P5 - CB1R enhancement on GLAST activity is adenosine A2A receptor dependent in
cultured cortical astrocytes

Joana Gonçalves-Ribeiro (1,2), T.P. Morais (3), O. Savchak (1,2), C. Meneses (4), A.M. Sebastião (1,2), S.H. Vaz
(1,2)

(1) Inst. de Medicina Molecular, João Lobo Antunes, Faculdade de Medicina da Univ. de Lisboa, Lisboa,
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Portugal; (3) School of Biosciences, Cardiff Univ., Cardiff, UK; (4) Inst. Superior de Engenharia de Lisboa, Área
departmental de Engenharia de electrónica e telecomunicações e de computadores, Lisboa, Portugal.

Astrocytes express several types of receptors, namely the cannabinoid type one receptors (CB1R)
and adenosine A2A receptors (A2AR). In astrocytes, CB1R activation Ca2+ mobilization from
internal cellular stores[1]. As for adenosine A2AR, when activated by adenosine, has several
modulatory effects, such as the control of glutamate transport. Interaction between CB1R and
A2AR has been well studied in neurons, nevertheless nothing is known concerning this crosstalk
in astrocytes. From the several roles of astrocytes, glutamate uptake mediated by specific
glutamate transporters is one of the most relevant functions [2]. The aim of this work was to
study the role of CB1R activation-mediated Ca2+ signaling upon GLAST transporter and the
crosstalk between CB1R and A2AR upon calcium signaling in rat primary astrocytic cultures.
Primary astrocytic cultures from cortex were prepared from Sprague Dawley pups (0-2 days old).
Calcium signaling and [3H]-glutamate uptake experiments were performed with 18-23 DIC
astrocytes. Calcium signaling experiments were performed using Fura-2AM dye and specific
transport mediated by GLAST was accessed in presence of WAY-213613, a specific blocker of
GLAST. It was observed that CB1R activation with ACEA, a selective CB1R agonist, led to Ca2+
transients, whose amplitude and frequency was dose-dependent for the two tested ACEA
concentrations (0.5 and 1.0 µM). The occurrence of these transients is dependent of PLC
activation and of Ca2+ intracellular stores, nevertheless low extracellular Ca2+ concentration also
decreased both frequency and amplitude of the transients. CB1R activation increased
significantly the Vmax of GLAST transporter in a PLC and Ca2+ signalling dependent manner.
Activation of A2AR decreased CB1R-mediated Ca2+ transients, while A2AR inhibition lead to an
increase of frequency when compared to ACEA incubation alone. When endogenous adenosine is
removed by adenosine deaminase (ADA), there is a tendency to lose the effect of CB1R activation
in glutamate uptake and calcium signalling. However ACEA incubation appears to counteract the
decrease of glutamate uptake induced by CGS, a selective agonist of adenosine A2AR. In
conclusion, CB1R activation triggers calcium transients in astrocytes by PLC activation, in a dose-
dependent manner, enhancing GLAST activity. This effect appears to be dependent of
endogenous adenosine and adenosine A2AR activation decreases CB1R activity.

[1] Navarrete, Marta, Araque, Alfonso, Neuron, 2008, 57.6, 883-893.
[2] Perego, C., et al., Journal of neurochemistry, 2000, 75.3, 1076-1084.

This project was financed by Fundação para a Ciência e a Tecnologia (PTDC/BTM-SAL/32147/2017).
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P6 - Glycoursodeoxycholic acid and dipeptidyl vinyl sulfone counteract reactivity and
inflammatory miRNAs in ALS mouse cortical astrocytes

Marta Barbosa (1), Cátia Gomes (1), Luís A. Carvalho (1), Rui Moreira (1,3), Ana Rita Vaz (1,2), Dora Brites (1,2)

(1) Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon,
Portugal; (2) Department of Biochemistry and Human Biology, Faculty of Pharmacy, Universidade de Lisboa,
Lisbon, Portugal; (3) Department of Pharmaceutical Chemistry and Therapeutics, Faculty of Pharmacy,
Universidade de Lisboa, Lisbon, Portugal.

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease with a short mean survival
and a lack of available and effective treatments. Astrogliosis and inflammatory miRNAs (miRs)
were shown to be implicated in disease onset, progression and dissemination [1,2]. Indeed,
cortical astrocytes from the SOD1G93A transgenic (mSOD1) mouse showed a reactive phenotype
with neurotoxic properties [2]. A recent study performed in our group demonstrated the anti-
inflammatory potential of glycoursodeoxycholic acid (GUDCA) and dipeptidyl vinyl sulfone (VS) in
mSOD1 N9-microglia [3]. So, we assessed if GUDCA or VS were able to attenuate the mSOD1
astrocyte phenotype and to change inflammatory miRNA signature. Cortical astrocytes were
isolated from mSOD1 and non-transgenic (wt) mice at 7-day-old and cultured for 13 days in vitro
(DIV). Incubation with GUDCA (50 µM) or VS (10 µM) was performed at 12 DIV and lasted for 24
h. The wt non-incubated cells were used as controls. Mutated astrocytes showed downregulated
GFAP/miR-146a/miR-21/IL-1β, upregulated vimentin/S100B/Cx-43/HMGB1 and unchanged
neurturin/miR-155 expression levels. Incubation of mSOD1 astrocytes with GUDCA or VS led to
sustained expression of GFAP and miR-21 at levels similar to wt ones, while decreased vimentin
expression and increased miR-155. GUDCA also prevented the reduction of miR-146a and VS
determined its marked elevation, with additional downregulation of S100B/Cx43/HMGB1 and
increase of IL-1β and neurturin expression, showing additional reparative benefits over those of
GUDCA. Overall, our data shows that GUDCA and VS neutralize mSOD1 astrocyte reactivity and
change their miRs profile. Thus, these compounds act on multiple and common targets, with a
broader range observed with VS, providing new tools for combined therapeutic strategies for
ALS.

References:
1 - Pinto S. et al., Front Neurosci. 2017 May 17;11:273
2 - Gomes, C. et al., Mol Neurobiol. 2019 Mar;56(3):2137-2158
3 - Vaz, A. R. et al., Front. Cell. Neurosci 2019 April 9

Funded by SCML (ALS Research Grant ELA-2015-002) and FCT (PTDC/MED-NEU/31395/2017 and LISBOA-01-
0145-FEDER-031395 to DB, UID/DTP/04138/2013 to iMed.ULisboa, and fellowships MB-
SFRH/BD/129586/2017, CG-SFRH/BD/102718/2014 and ARV-SFRH/BPD/76590/2011).
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P7 - Effect of post-translational modifications on the behavior, function and fate of
stimulated STAT3 homo- and heterodimers

Ricardo Letra-Vilela (1), Beatriz Cardoso (1), Fernanda Murtinheira (1), Federico Herrera (1)

(1) Cell Structure and Dynamics Lab, ITQB-NOVA.

Signal Transducers and Activators of Transcription 3 (STAT3) is very pleiotropic and ubiquitous,
and plays essential roles in development, immunity, tissue damage and regeneration, and cancer,
among others. STAT3 function is tightly regulated by homodimerization, post-translational
modifications (PTMs), protein-protein interactions and intracellular localization. STAT3 post-
translational modifications (PTMs) and nuclear or mitochondrial translocation are often induced
by extracellular stimuli, such as cytokines or growth factors. However, unstimulated STAT3
dimers have their own physiological functions. We have recently shown that unstimulated STAT3
can form homodimers and that asymmetric PTMs in the two STAT3 molecules are capable of
regulate the intracellular localization of unstimulated STAT3 dimers. These results indicate that
asymmetric PTMs could constitute a new level of regulation for unstimulated STAT3 signaling.
Here, we extended these studies to cytokine-stimulated STAT3 homodimers and protein-protein
interactions in living cells, using a Venus-STAT3 Bimolecular Fluorescent Complementation (BiFC)
assays. We tested the effect of inactivating mutations on specific residues that can be post-
translationally modified (K49, K140, K685, Y705 and S727) on STAT3 homodimerization,
intracellular localization, transcriptional activity, and interaction with the mitochondrial protein
GRIM-19. Interaction of STAT3 with GRIM19 prevents its transcriptional activation, and our
results indicate that blockage of Serine 727 phosphorylation or Lysine 49 or 140 acetylation or
methylation increases the heterodimerization between STAT3 and Grim19. Our results could be
relevant to a wide spectrum of human pathologies, including neurodegenerative disorders,
inflammatory disorders or cancer.
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P8 - Visualization of astrogliogenic signaling by super-resolution microscopy
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(1) Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Av. Da República, EAN, 2780 –
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Astrocytes are the most numerous cells in the human brain and the canonical pathway for both
developmental and adult astrogliogenesis is the JAK/STAT3 pathway. This pathway is triggered by
extracellular cytokines from the Interleukin-6 family and ends with the activation of the STAT3
transcription factor and the subsequent expression of astroglial genes (e.g. the intermediate
filament protein GFAP). However, the exact functions of GFAP as well as the spatio-temporal
dynamics of the signaling pathway remain poorly understood. In addition, de novo mutations in
GFAP have been identified as the genetic basis for Alexander disease, a progressive and fatal
neurodegenerative disorder that most frequently affects newborns and infants. In this work we
aim to develop new molecular tools for the study and visualization of the JAK/STAT3/GFAP
signaling pathway by super-resolution microscopy. Our first aim is to implement tags to visualize
the internal architecture and dynamics of GFAP individual molecules and their fibril assembly in
cells. In particular, we tagged GFAP molecules with a Halo Tag that will be used to covalently
modify individual GFAP molecules with a small organic dye that will allow us to visualize the
architecture and track the motion of GFAP in living cells. Moreover, we aim to create a
bimolecular fluorescence complementation (BiFC) system to visualize, in living cells, GFAP
protein-protein interactions, that will help us to better understand the functions of this protein.
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P9 - The adenosine A3 receptor agonist is protective to the retinas of diabetic mice

Carolina Santos (1), Raquel Boia (1,2), Inês D. Aires (1,2), António Francisco Ambrósio (1,2), Ana Raquel
Santiago (1,2)

(1) Coimbra Institute for Clinical and Biomedical Research (iCBR), Faculty of Medicine, University of Coimbra,
3000-548 Coimbra, Portugal; (2) CNC.IBILI Consortium, University of Coimbra, Portugal

Diabetic retinopathy is a common complication of diabetes mellitus and a leading cause of
blindness worldwide. It is characterized by the breakdown of blood-retinal barrier (BRB), low-
grade chronic inflammatory response that involves the activation of microglial cells and cell
death. Adenosine is a neuromodulator in Central Nervous System acting on adenosine A1, A2A,
A2B and A3 receptors. Mounting evidence demonstrates that microglia and retinal ganglion cells
(RGCs) are endowed with A3R, and A3R agonist is protective to the retina. We hypothesized that
A3R activation reduces diabetes-associated neuroinflammation, BRB breakdown and death of
RGCs. Type 1 diabetes was induced in C57BL/6 mice with streptozotocin. After one month of
diabetes, 2-Cl-IB-MECA (2µL, 1.2 µM), a selective A3R agonist, was administered intravitreally
once a week, during four weeks. Vehicle (0.9% NaCl) was administered to the contralateral eye.
Vascular leakage was evaluated by fluorescein angiography. Images were analyzed in a masked
fashion by three independent examiners. In the diabetic group, 67% of the animals were
classified as having vascular leakage, while in the diabetic eyes treated with 2-Cl-IB-MECA, 50%
were classified with vascular leakage. In the control group, 38% presented vascular leakage.
Retinal extracts were used to assess the protein levels of iNOS, TNF and IL-1β by Western blot.
Diabetes increased the levels of iNOS, but the levels of TNF and IL-1β were not significantly
different. The A3R agonist did not change the levels of these proteins. Microglia reactivity was
assessed by immunohistochemistry after labelling retinal cryosections with Iba1 (general marker
of microglia) and MHC-II (reactive microglia). The number of Iba1-immunoreactive cells and the
number of reactive microglia (Iba1+ MHC-II+ cells) was not different in the three groups. The
number of RGCs was assessed in retinal sections by immunolabeling for Brn3a, a marker of RGCs.
Diabetes decreased the number of Brn3a+ cells, when comparing with non-diabetic animals. In
the 2-Cl-IB-MECA-treated diabetic retinas the number of Brn3a+ cells slightly increased when
comparing with diabetic non-treated retinas. Our results indicate that the A3R agonist decreases
retinal vascular permeability and might confer protection to the RGCs without affecting the
course of neuroinflammation during diabetes, suggesting that the effects mediated by A3R
agonist are not targeting microglia. However, more experiments are needed to clarify the
protective role of the A3R agonist to the retina in diabetic conditions.

Support: Global Ophthalmology Awards Program from Bayer Health Care (GOAP 2015, US2083156314);
Foundation for Science and Technology (FCT) (Strategic Project UID/NEU/04539/2013, Grant PTDC/NEU-
OSD/3123/2014, and PhD fellowships PD/BD/127821/2016 and PD/BD/114115/2015); COMPETE-FEDER
(POCI-01-0145-FEDER-007440); Centro 2020 Regional Operational Programme (CENTRO-01-0145-FEDER-
000008: BRAINHEALTH 2020).
STAT3 and Grim19. Our results could be relevant to a wide spectrum of human pathologies, including
neurodegenerative disorders, inflammatory disorders or cancer.
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P10 - The adenosine A3 receptor agonist hampers microglia inflammatory phenotype
triggered by elevated pressure
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Glaucoma is a retinal degenerative disease characterized by the loss of retinal ganglion cells and
damage of the optic nerve. Retinal microglia become reactive early in the course of the disease
and contribute to glaucomatous degeneration. We previously demonstrated that a selective
agonist of adenosine A3 receptor (A3R) confers protection to the retina, in particular to retinal
ganglion cells. However, in the context of retinal injury the effect of A3R activation in microglial
cells still needs to be clarified. Thus, the aim of this work was to investigate whether A3R
activation prevents microglia inflammatory response induced by elevated hydrostatic pressure
(EHP), which mimics increased intraocular pressure, the main risk factor of glaucoma. BV-2
microglial cell cultures and primary retinal microglial cell cultures were pre-treated with 1 µM 2-
Cl-IB-MECA, a selective A3R agonist, and were then exposed to EHP (70 mmHg above normal
atmospheric pressure) for 4h or 24h. Control cells were maintained at normal atmospheric
pressure. Exposure to EHP increased the protein levels of iNOS, as determined by
immunocytochemistry and Western Blot. Pre-incubation with the A3R agonist reduced the effect
of EHP on the protein levels of iNOS. Microglia migration induced by EHP for 4 h was prevented
by the activation of A3R, as evaluated by the scratch wound assay and Boyden chamber
migration assay. Exposure to EHP for 4 h increased the number of microglia proliferating cells, as
evaluated with the EdU proliferation assay, and this effect was prevented by A3R activation.
Moreover, the increase in microglia phagocytic efficiency, determined by the phagocytosis of
fluorescent latex beads, induced by exposure to EHP was also prevented by A3R activation. Our
results demonstrate that the A3R agonist prevents microglial reactivity triggered by EHP, devising
a potential new therapeutic strategy for the treatment of glaucoma.

Funding: FCT (PD/BD/114115/2015, PD/BD/127821/2016, Grant PTDC/NEU-OSD/3123/2014 and Strategic
Project UID/NEU/04539/2013), FEDER-COMPETE (FCOMP-01-0124-FEDER-028417 and POCI-01-0145-FEDER-
007440) and Centro 2020 Regional Operational Programme (CENTRO-01-0145-FEDER-000008: BrainHealth
2020), Portugal.
STAT3 and Grim19. Our results could be relevant to a wide spectrum of human pathologies, including
neurodegenerative disorders, inflammatory disorders or cancer.
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P11 - Exploring the Spinal-Spleen Circuitry as a target for immunomodulation after 
Spinal Cord Injury
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Portugal

Spinal Cord Injury (SCI) triggers a strong inflammatory response activating both endogenous
(microglia) and infiltrating immune cells that progressively engage neurotoxic phenotypes and
hamper repair. The infiltration of peripheral inflammatory cells, contrarily to the local response
of microglia, has mostly been associated with fibrosis, oxidative damage and further
neurodegeneration contributing for the regeneration failure. The spleen harbors a monocyte
pool that is recruited to the spinal cord shortly after injury and originates the first infiltration of
peripheral myeloid cells at the spinal cord. In this study, we investigated a possible mechanism
underlying the disruption of a balanced inflammatory response to injury – the disruption of the
autonomic circuitry between the spinal cord and the spleen. At first we investigated the plastic
changes occurring in autonomic axons terminals innervating the spleen. We observed a dynamic
remodeling of the spleen innervation at 24h, 7d, 15d and 30 days post-injury together with an
altered profile of expressed genes associated with axonal growth and guidance. Since post-
ganglionic neurons innervating the spleen only receive inputs from autonomic pre-ganglionic
neurons located in the ipsilateral side of the spinal cord, we tested the recovery of mice that
underwent a right hemisection of the spinal cord to that of mice with a left hemisection. We
observed an altered recovery profile between groups and different activation of microglia. To
further dissect the importance of the spleen for SCI inflammation, we assessed the spontaneous
recovery of mice that underwent splenectomy to a compressive SCI. We observed that mice
lacking the spleen have a better motor and sensory recovery and less inflammatory infiltration
when compared to sham animals. This study points for the importance of a peripheral lymphoid
organ, the spleen for the modulation of Spinal Cord Injury local inflammation shifting the target
of immunomodulation from the classic central to the peripheral nervous system. In the future,
new therapeutic opportunities may be developed based on this strategy.
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P12 - Sirtuin 2 prevents inflammation-induced impairment of hippocampal long-term 
potentiation
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In aging and neurodegenerative conditions, inflammatory responses mainly mediated by
activated microglia are dysregulated in the central nervous system. Release of inflammatory
factors by micorglia affects synaptic transmission and plasticity, such as long-term potentiation
(LTP), a form of synaptic plasticity involved in the establishment of memory. Sirtuin 2 (SIRT2) is a
NAD+ dependent protein deacetylase primarily expressed in the brain. We have shown that
SIRT2 deacetylates the transcription factor NF-kB inhibiting the transcription of inflammatory
genes in microglia. In this study, we address the role of microglial Sirt2 in synaptic plasticity,
through evaluation of LTP magnitude in hippocampal slices after incubation with an
inflammatory stimulus (LPS). Our results indicate that upon inflammation, SIRT2 activity in
microglia may block excessive release of glutamate and impairment of synaptic plasticity through
NMDA receptors.

P13 - Mercury (II) (Hg2+) activates pro-inflammatory cytokine production in microglia
cells via glutathione depletion and p38-MAPK activation

Vasco Branco (1), Tiago Caetano (1), Tânia Eanes (1), Rita Guerreiro (1) , Cristina Carvalho (1)

(1) Faculty of Pharmacy University of Lisbon, Research Institute for Medicines (iMed.ULisboa), Lisbon,
Portugal.

Mercury (Hg) is known for its neurotoxicity but immunotoxicity takes place at lower exposure
levels. Hg binds redox active thiols (SH) and selenols (SeH), in cysteine (Cys) and selenocysteine
(Sec) residues, which function as redox switches involved in the regulation of many cellular
pathways, including those involved in immune response. Thus, we hypothesize that Hg
compounds disrupt microglia homeostasis by changing redox regulation of signalling pathways.
Hence, we aimed to study in N9 mouse microglia cells the effect of exposure to Hg2+ on p50, p65
and p38 nuclear translocation and activation considering the interaction of Hg with the
glutathione system. Cells exposed to Hg2+, were analysed for viability (MTT assay), GSH activity
(DTNB assay), ROS production (DHCF assay), nuclear translocation of p38, p50, p65 (Western blot)
and p38 activation by evaluating its phosphorylation by Western blot. Transcription of genes
associated with pro-inflammatory activation of microglia (e.g.IL1-ß; TNF-α) was analysed by qRT-
PCR. As a positive control for microglia activation, N9 cells were exposed to LPS (300 ng/mL; 24h).
Additionally, relevant pathways were modulated using pre-exposure to N-Acetylcysteine (NAC;
2.5 mM 24 h) and a p38 inhibitor (SB 239063; 10 µM 4 h). All experiments were independently
replicated at least 3 times. The EC50 for decreased viability was 42.1 ± 3.7 µM after 24 h of
exposure to different concentrations of Hg2+. Interestingly, exposure for 24 h to just 5 µM of
Hg2+ led to a general increase in ROS levels (40%) and very significant depletion (90%) of GSH.
Upon 6 h of exposure to Hg2+ (5 µM), nuclear translocation of p65 was increased. Also, Hg2+
induced a very significant accumulation of p38 in the nucleus (50% higher than in control), which
was accompanied by an increase in its phosphorylation. Likewise, after exposure to Hg2+,
transcript levels of both IL1-ß and TNF-α were increased by 2.4 and 1.8 fold relatively to the
control. Pre-exposure to NAC, increased by 60% GSH basal levels and hindered transcription of
both cytokines by Hg2+. Likewise, inhibition of p38 prevented activation of cytokine transcription
by Hg2+. These preliminary results show that disruption of redox signalling by Hg2+ activates
pathways leading to the production of pro-inflammatory cytokines (IL1-ß and TNF-α) at exposure
levels significantly lower than cytotoxic concentrations. Namely, depletion of the major cellular
thiol, GSH, and activation of redox sensitive p38 MAPK activation are major steps in Hg2+-
mediated cytokine production. Activation of microglia at sub-cytotoxic Hg2+ exposure levels may
eventually lead to the production of pro-inflammatory factors and potentiate cytotoxicity for
neighbouring cells (e.g. neurons).

This work was supported by Project PTDC/MED-FAR/31136/2017 and iMed.ULisboa through project
UID/DTP/04138/2013 both funded by Fundação para a Ciência e Tecnologia, Portugal (FCT; www.fct.pt).
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P14 - Role of astroglial-derived S100B during the demyelination of the Multiple 
Sclerosis in vivo EAE model
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Fernandes (1,2)
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The second most common cause of neurologic, physical and cognitive disability in young adults is
Multiple Sclerosis (MS) which represents a complex chronic autoimmune disease of the central
nervous system (CNS). It is characterized by lesions on CNS due to auto-reactive immune cell
infiltration leading to inflammation, destruction of myelin sheaths with axonal degeneration and
gliosis. S100B, a small calcium-binding protein, has been emerging as an important inflammatory
marker in neurodegenerative and neuroinflammatory disorders. We showed that this protein
was present in the CSF and serum of MS patients and, recently, increased levels of S100B were
directly correlated with demyelination and inflammatory processes. Moreover, its inhibition
using several approaches showed in a demyelinating ex vivo model that S100B may be an
emerging therapeutic target in MS. Here, we aimed to understand whether the targeting of
S100B, using a specific small molecule (e.g. pentamidine), in the in vivo model of MS, the
experimental autoimmune encephalomyelitis (EAE), could modulate and even, ameliorate MS-
like pathogenesis. EAE was induced in female C57BL/6J wild-type mice and two groups were
formed: EAE vehicle group (saline) and EAE-treated group (pentamidine, 4mg/kg, intraperitoneal,
daily). Then, clinical score and body weight were evaluated during 30-days of experiment. To
evaluate demyelination extent, astroglial reactivity and S100B expression, spinal cord (SC) tissues
were assessed for specific markers of astrocytes, immature and mature oligodendrocytes, or for
S100B through immunohistochemistry and Western Blot. EAE-induced animals treated with
pentamidine showed a less severe EAE phenotype, reaching a lower disease clinical score and
having a faster recovery. As expected, EAE-induced animals had an increased demyelination, that
paralleled with a marked astroglial reactivity with expression of S100B, namely in the white
matter region of the SC. Most attractively, the treatment with pentamidine reduced not only the
demyelination extent, accompanied by a decrease in the recruitment of oligodendrocytes
progenitor cells, but also the astrocytic reactivity and S100B expression, corroborating previous
findings in brain regions. Overall, our results indicate that S100B is involved in MS pathology,
being expressed by reactive astrocytes present in the attacked white matter, and that its
inhibition may be a new therapeutic strategy to reduce CNS damage and improve recovery.

Funded by GMSI-Merck to AF, by FCT UID/DTP/04138/2013 to iMed.ULisboa.

P15 - Regulation of neural stem cell fate by Cannabidivarin and Capsaicin

Diogo M. Lourenço (1,2), R. Soares (1,2), Rui S. Rodrigues (1,2), A. M. Sebastião (1,2), S. Xapelli (1,2)

(1) Instituto de Farmacologia e Neurociências, Faculdade de Medicina, Universidade de Lisboa, Lisboa,
Portugal; (2) Instituto de Medicina Molecular | João Lobo Antunes, Faculdade de Medicina, Universidade de
Lisboa, Lisboa, Portugal.

Adult neural stem/progenitor cells (NSPC) with multipotent and self-renewing properties can be
mostly found in two neurogenic niches, the Subventricular Zone (SVZ) and the Dentate Gyrus
(DG) of the hippocampus. Cannabinoids have been shown to play pivotal roles in different
neurogenic stages, namely in differentiation and maturation of NSPC. In this work we aimed at
unravelling the role of cannabidivarin (CBDV), a non-psychoactive phytocannabinoid, homolog of
cannabidiol, with high affinity for the vanilloid receptor 1 (TRPV1), on SVZ postnatal
neurogenesis. SVZ neurospheres were prepared from C57BL/6J (WT) mice pups (P1-3) and were
incubated for 2 days with CBDV and Capsaicin (TRPV1 agonist). Three groups were tested: 1)
control (no drugs); 2) CBDV (100nM; 300nM; 1µM); 3) Capsaicin (3µM; 10µM; 30µM).
Immunocytochemistry against mature neurons (NeuN) and oligodendrocyte progenitor cells
(NG2) was used to evaluate the effect of CBDV and Capsaicin on neuronal differentiation. Here
we show that SVZ neurospheres treated for 2 days in vitro (n=4) with 1µM of CBDV or 30µM
Capsaicin show a significant increase in the number of NeuN-positive cells (p<0.05). No
differences were found regarding the number of NG2-positive cells at any concentration when
compared with the control condition. These results show that CBDV and Capsaicin promote
neuronal differentiation at 2 days in vitro in SVZ cultures. This work will allow determining
whether CBDV or Capsaicin, most probably trough the activation of TRPV1, can modulate
postnatal neurogenesis or oligodendrogenesis and will be important for future brain repair
strategies.
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P16 - BASHY dyes: improved small molecules to characterize demyelination

Maria Vaz Pinto (1), Fábio M. F. Santos (2), Andreia Barateiro (1,3), Dora Brites (1,3), Pedro M. P. Gois (2,4),
Adelaide Fernandes (1,3)

(1) Neuron-Glia Biology in Health and Disease, Research Institute for Medicines (iMed. ULisboa), Faculty of
Pharmacy, Universidade de Lisboa, Lisbon, Portugal; (2) Bioorganic Chemistry, Research Institute for Medicines
(iMed. ULisboa), Faculty of Pharmacy, Universidade de Lisboa, Lisbon, Portugal; (3) Department of Biochemistry
and Human Biology, Faculty of Pharmacy, Universidade de Lisboa, Portugal; (4) Department of Pharmaceutical
Chemistry and Therapeutics, Faculty of Pharmacy, Universidade de Lisboa, Portugal.

Demyelination or the loss of lipid-rich myelin layers surrounding the axons, is the main cause of
axonal degeneration and neuronal deficits, thus being a cardinal feature of many
neurodegenerative disorders like Multiple Sclerosis. Myelin degradation is a gradual process
characterized by an initial decompaction culminating in a complete membrane destruction in the
form of vesiculated cholesterol-rich myelin debris. Glial cells are active participants in
demyelinating processes, particularly microglia for its role in the efficient clearance of myelin
debris. Indeed, identification of the different steps of myelin degradation, and its association with
cellular/molecular patterns is essential to understand myelin processing pathway, allowing
remyelination-based therapies. Recently, fluorescent Boronic acid-based complexes - BASHY dyes -
have shown to be useful in discriminating different lipid structures, thereby being a promising tool
to assess myelin degradation. Here, we aimed to characterize demyelination using these newly
synthesized BASHY molecules and therefore address their exact localization using an ex vivo
cerebellar slice model of demyelination, allowing an accurate observation of the cells and
mechanisms that play a critical role on demyelination. Ex vivo cerebellar organotypic slice cultures
(COSC) were obtained from 10 postnatal rats and treated with lysophosphatidylcholine (LPC,
0.5mg/mL) to induce demyelination. Slices were then incubated with BASHY dyes and
immunostained for different markers to assess demyelination and glia reactivity. Further, the co-
localization of the above-mentioned markers with BASHY probes was evaluated. Remarkably, we
observed a marked increase of BASHY fluorescence in slices treated with LPC, when compared to
the controls. Moreover, we also observed that BASHY labelling was mostly confined to lipid vesicles
inside microglial cells, corroborated by the co-localization with Iba-1, a commonly used marker for
microglia. Interestingly, using the BASHY molecules we were able to observe an increased presence
of these dyes along microglia morphological changes: from a more ramified microglia, to a bushy
microglia and then an amoeboid microglia, which is in line with the previously described “foamy
phagocytes” present in Multiple Sclerosis. Overall, our results suggest that by its specificity for
myelin debris, BASHY dyes may become also a useful tool to target activated microglia. With this in
mind and knowing that BASHY complexes allow bioconjugation with small molecules, our study
open new therapeutic strategies to prevent demyelination based on their use as delivery vehicles
for specific microglial modulation, to reduce damage and enhance remyelination.

Funded by: GMSI-Merck to AF, Young Investigator’s Projects for Collaborative Cross-disciplinary Studies from
iMed.ULisboa to AF and FS, and by FCT UID/DTP/04138/2013 to iMed.ULisboa.
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